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SUMMARY 
Delayed replantation of avulsed teeth results in adverse consequences of 
ankylosis/replacement resorption ultimately leading to tooth loss. Using high density 
oligonucleotide arrays, the early genetic profiles of alveolar bone and periodontal ligament 
(PDL), which are the two key entities in periodontal healing following tooth replantation, were 
determined in a canine model. The group of immediately replanted teeth likely leading to 
favorable healing (FH) served as control over the group of 60-minute delayed replanted 
teeth likely leading to unfavorable healing (UH).  
The expression of genes were evaluated in 3 comparisons namely temporal 
(timeline), conditional and topographic. The 0 hour observation served as a baseline to 
understand the progression of wound healing following tooth replantation in both structural 
entities in comparison to different time point at day 1, 3 and 7 between the two groups in the 
temporal comparison.  The experiment was done using 3 biological replicates for each 
group.  
This study gives insight into early molecular phenomena occuring in bone and PDL 
following immediate as well as delayed replantation. It also enlightens the genes which were 
differentially regulated in UH group when compared to the FH group in both structures. 
The knowledge obtained through this study can facilitate the establishment of a 
baseline paradigm to improve replantation strategies. 
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1 INTRODUCTION 
Oro-facial trauma can result from traffic accidents, falls, sports, collision and assaults.  
These can result in injuries to the teeth and its supporting periodontium. Among such 
injuries, avulsion accounts for 0.5% to 16% of dental traumatic injuries (Ravn JJ 1969). 
Avulsion is a complex injury of multiple tissue compartments affecting the dental pulp and 
the periodontal attachment apparatus (Andreasen JO 1993). The pulp, due to the severance 
of the apical neurovascular supply, if not revascularized, can become necrotic. The removal 
of the necrotic pulp tissue at an appropriate time will prevent the inflammatory resorption 
associated with pulpal infection (Trope M 1992). The periodontal sequela is due to damage 
of the attachment apparatus during the avulsion episode. Ideally, the tooth should be 
replanted as soon as possible or soaked in an appropriate medium to prevent drying of the 
periodontal cells on the root surface. If the tooth is left dry, the periodontal cells become non-
viable, leading to serious complications of ankylosis followed by replacement resorption 
(Andreasen JO 1981). 
Replantation is the common mode of therapy for management of avulsed tooth. The 
avulsed tooth is prepared and reinserted into the tooth socket followed with the option of 
splint to stabilize it. However, the root surface periodontal ligament connective tissue may 
turn necrotic if the replantation is delayed. This would expose the root dentine to resorption 
and bony replacement with eventual ankylosis of teeth (Andreasen JO 1981). In the past, 
researchers have applied various approaches to alleviate the undesirable healing events 
following delayed replantation of avulsed teeth. None of the attempts utilizing 
chemotheraupeutic agents, anti-resorptive agents and anti-osteotrophic agents have offered 
a predictable solution to successful periodontal regeneration (Sae-Lim et al 1998). The long-
term survival of replanted teeth lies in the feasibility of establishing uncompromised 
periodontal regeneration.  
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Previous studies have hypothesized that the health and integrity of the periodontal 
tissues at the time of replantation has a major bearing on their subsequent regeneration. 
(Andreasen JO et al) The major threat to the periodontal tissue following avulsion is 
desiccation of the tissues owing to prolonged extra-oral period (Blomlof L 1983). Past clinical 
outcomes and cell physiology provide strong evidence that immediate replantation is the 
decisive factor for an uneventful periodontal regeneration. Additionally, the recipient socket 
environment is a factor which is considerably important for the successful clinical outcome of 
replantation (Trope et al 1997). An in depth knowledge about the early events occurring 
following the replantation of avulsed tooth still remains to be attained. Some unknown events 
that occur in the periodontal structures probably act as switches to a cascade of events that 
may profoundly affect healing.pathways  
Observing any physiological event in a molecular perspective gives a better insight 
into the problem encountered. Previous studies comparing the differences between 
immediate and delayed replantation of avulsed tooth, have by far succeeded in deciphering 
the histological changes in the healing pattern (Andreasen et al 1966). However the changes 
in the molecular aspects or gene expression pattern elicited have not received much 
attention and still remains to be explored. There is a knowledge gap in molecular events with 
regards to understanding periodontal regeneration in a trauma model. Hence it is reasonable 
to anticipate a difference in the gene expression pattern between immediate and delayed 
replantation of tooth.  
Our study aims to report the molecular profile of periodontal ligament and alveolar 
bone which are the key structural entities directly involved in trauma and which play a major 
role in periodontal regeneration. Although consensus-based guidelines exist for the clinical 
management of avulsed teeth, scientifically-based clinical guidelines should be constructed 
especially for managing delayed replantation. The data obtained from this study may help to 
ascertain the regenerative potential of the periodontium in an avulsed, replanted tooth and 
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will also give an insight as to how the socket environment can be manipulated to make it 
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2 PERIODONTIUM 
Periodontium is a dynamic structure composed of the tissue supporting and investing 
the teeth (Figure 1). This tissue includes the gingiva, the periodontal ligament, the cementum 
and the alveolar bone (Wilson et al 2003). These supporting tissues of the tooth form a 
specialized fibrous joint, a gomphosis, and develop from the dental follicle, where as the 
investing tissue represent an adaptation of the oral mucosa formed as the tooth erupts 
through it (Ten Cate AR 1997). Each of these periodontal components is distinct in its 
location, tissue architecture, biochemical and cellular composition and yet they function 
together as single unit. 
The healthy periodontium provides the support necessary to maintain teeth in 
adequate function (Bartold MP 2000). It also has nutritive, formative and sensory roles. The 
formative function is necessary for the replacement of the tissue: cementum, periodontal 
ligament and alveolar bone. The nutritive and sensory functions are accomplished by the 
blood vessels and nerves, respectively. Thus the attachment apparatus serves as a 
suspensory mechanism for the tooth, as a pericementum for the maintenance of the root 
covering, and periosteum for the alveolar bone (Genco RJ 1990). 
2.1 Development of periodontal tissue 
The tissues supporting the tooth are developmentally derived from the dental follicle 
proper, where as those investing the tooth that is the gingival, are an adaptation of the oral 
mucosa. Apart from the gingival epithelium, the functioning periodontium is almost entirely 
derived from the ectomesenchyme, an embryonic connective tissue derived from 
neuroectoderm (Ten Cate AR 1997). In the cap and early bell stage of tooth development 
ectomesenchyme of the dental papilla continues around the cervical loop of the enamel 
organ to form an investing layer around the developing tooth. Cells from this layer give rise 
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and alveolar bone (Osborn JW 1983). The mesenchyme deriving the periodontium has two 
differentiation compartments-an ‘alveolar clade’, which produces fibroblasts and ostoblasts; 
and a ‘cement clade’ which generates fibroblasts and cementoblasts (Osborn 1984, Osborn 
and Price 1988, Cho and Garant 1989). 
2.1.1 Gingiva 
Gingiva is a part of oral mucosa that surrounds the neck of the tooth, fully covers the 
root and the supporting alveolar bone. Based on the anatomy, gingiva can be sub classified 
as free marginal gingiva, interdental gingiva and attached gingiva (Schluger et al, 1990). The 
gingival epithelium can be junctional, oral or sulcular depending upon the various locations 
(Nyman et al, 1982). Underlying the gingival epithelium lays the gingival connective tissues 
which attaches the gingiva to the tooth surface and alveolar bone, 
2.1.1.1 Gingival cells and ECM 
Fibroblasts comprise about one-tenth of the gingival connective tissue volume and 
they are responsible for producing connective elements like collagen (Narayanan et al, 
1983). In vivo, fibroblasts tend to exist in isolation attached to a surrounding matrix of 
collagens and other glycoproteins and are rarely seen in contact with each other. They play 
a considerable role in tissue homeostasis, chemotaxis and attachment to various substrata 
(Bartold et al, 2000). 
2.1.1.2 Molecular biology of gingiva   
Collagenous proteins such as Type I, III, V, VI and VIII are present in the gingiva. 
There are numerous studies on hyaluronan, decorin, syndecan and CD-44 present on 
gingival epithelial cells and intercellular spaces (Tammi et al, 1990). Immunocytochemistry 
studies have revealed that gingiva has non-collagenous proteins such as Fibronectin, 
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in gingiva by immunocytochemical studies and they serve as receptor for various matrix 
proteins (Larjava et al, 1992). 
2.1.2 Cementum 
Cementum is a hard, avascular connective tissue that covers the root of the tooth 
(Ten Cate AR 1997). Cementum furnishes a medium for the attachment of collagen fibers 
that bind the tooth to the surrounding structures. It is a specialized connective that shares 
some physical, chemical and structural characteristics with compact bone. It begins at the 
cervical portion of the tooth at the cementoenamel junction and continues to the apex 
(Orbans BJ 1991). Its histological appearance is similar to bone in that it contains no 
Haversian canals and has neither blood vessels nor nerves in its matrix. Cementum is 
thinnest at the cemento-enamel junction and gradually increases in thickness towards the 
root tip, where it surrounds the apical foramen (Avery JK 1994). 
As a part of the periodontium, cementum serves its primary function of providing the 
medium by which the other parts of the periodontium are attached to the tooth. 
Physiologically, the teeth are subjected to attrition at their occlusal surfaces. To compensate 
for this loss of occlusal tissue, cementum is formed at the apical and furcation areas of roots 
(Rudy MC 2000). The thin cementum coating of the root serves to protect the pulp by 
providing a surface covering the relatively porous dentin structures. (Bartold MP 1998) 
2.1.2.1 Structure and composition of cementum 
Cementum is thinnest (20 to 50µm) at the cementoenamel junction and gradually 
increases in thickness (150 to 200µm) towards the root tip. Generally cementum is limited to 
the root surface; in 60% of teeth it overlaps enamel for a short distance. In 30% of the teeth, 
cementum meets enamels at a sharp point; and in 10% there is a short gap between the two 
(Avery JK 1994). Cementum contains a high proportion of organic material (23%) by mass. 
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substance (65%) and the rest is water. The inorganic portion consists mainly of calcium and 
phosphate in the form of hydroxyapetite (Orbans BJ 1991) which are found inside and 
around collagen fibers which are embedded in the cementing ground substance (Jansen BG 
1995). 
2.1.2.2 Cementum cells and ECM 
Cementoblast arise pre-eruptively as daughter cells of the vigorously proliferating 
ectomesenchymal cells of the dental follicle proper, which differentiate into slender 
ellipsoidal and cuboidal cells. Cementoblast resembles osteoblast. Their structure is typical 
of those cells actively synthesizing protein and polysaccharide complexes. Their nuclei are 
rich in euchromatin and their cytoplasm is strongly basophilic (Schroeder HE 1991). 
Cementoblasts produce the organic matrix of the cementum. These cells are located in the 
periodontal ligament next to the cementum next to the cementoid layer. The cementoblasts 
may become surrounded by the organic matrix and thus are converted in to the cells of the 
cementum (Rudy MC 2000). 
Cementocytes arise from the cementoblasts that become enclosed in cementum 
during cementogenesis. Cementocytes correspond structurally and functionally to 
osteocytes. Their structure is similar to that of cementoblast, except that their cytoplasm 
appears to contain fewer organelles, with a level of metabolic activity lower than that of 
cementoblast (Schroeder HE 1991). Cementocytes are connected with one another by 
numerous thread-like projections of their cytoplasm. The space in the cementum that is 
occupied by the body of the cementocytes is called a lacuna and the spaces occupied by the 
cytoplasmic projections of the cementocytes are called canaliculi (Rudy MC 2000). 
Cementocytes have the same relationship to the matrix of the cementum as osteocytes have 
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2.1.2.3 Molecular biology of cementum 
Cementum contain factors in common with those associated with bone and is 
developmentally controlled by similar factors. Protein extracts of mature cementum promote 
cell attachment, migration and stimulate protein synthesis of gingival fibroblast and 
periodontal ligament cells. Investigation of this extracts revealed the presence of bone 
sialoprotein, osteopontin, vitronectin, and fibronectin.  Both bone sialoprotein and 
osteopontin are expressed by cells linked to formation of mineralized tissue, while ostepontin 
also is expressed by cells within the forming periodontal ligament (Sayin NE, 2000). 
Adhesion molecules osteopontin and bone sialoprotein are expressed by cells along the root 
surface, the cementoblasts, during the early stages of tooth root development. Suggested 
role for bone sialoprotein include acting as an adhesion molecule to maintain applicable cells 
at the root surface and as an initiator of mineral formation along the root surface. (MacNeil 
RL, 1995, MacNeil RL, 1994) Mitogens that have been mapped during tooth root 
development include members of the transforming growth factor –β super-family, growth 
hormone, insulin-like growth factor-I/II and parathyroid related protein (D’souza RN, 1990). 
Mature cementum contains vitronectin and cementum attachment protein. Data to date 
indicate that cementum attachment protein shares significant homology to type I collagen. 
(Sayin N E, 2000) 
2.1.3 Periodontal ligament 
The periodontal ligament (PDL) is the connective tissue which fills the periodontal 
space and binds the tooth to the alveolar bone. It is continuous with the connective tissue of 
the gingival collar and communicates with the bone marrow of the alveolar process through 
the vascular channels (Volkmann’s canals) in the alveolar bone and with the dental pulp at 
the apical foramen (Jansen BG 1995). It is a layer of connective tissue usually less than 
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cementum and the bone of the socket. As a result of its position and fibrous makeup, it is the 
main suspensory tissue of the periodontium (Rudy MC 2000). The PDL is an extra ordinarily 
cell-rich, fiber-rich, dense connective tissue, located between the root surface of the tooth 
and the alveolar bone proper (Schroeder HE 1991). The cell population is made up of 
fibroblasts, epithelial cell rests of Malassez, osteoblast and osteoclasts associated with 
alveolar bone , cementoblast associated with cementum, macrophages, and undifferentiated 
mesenchymal cells. Glycosaminoglycans, glycoprotein and glycolipids are the main 
constituents of the ground substance (Jansen BG 1995). The function of the periodontal 
ligament can be described under five headings (1) Supportive (2) Formative (3) Resorptive 
(4) Sensory (5) Nutritive (Rudy MC 2000). It is the tissue of attachment between the tooth 
and the alveolar bone thus being responsible for resisting displacing forces, thereby 
protecting the dental tissue from damage caused by excessive occlusal loads. It is 
responsible for the mechanism where by a tooth attains, and then maintains, its functional 
position. This includes the mechanism of tooth eruption and drift. Its cells form, maintain and 
repair alveolar bone and cementum. Its mechanoreceptors are involved in the neurological 
control of mastication (Berkovitz KB 2004). 
2.1.3.1 Periodontal ligament cells and ECM 
The cells of the PDL constitute an extremely numerous and functionally diverse 
population. They sustain all the physiologic processes within this tissue and participate in the 
remodeling of root cementum and alveolar bone proper. The population of periodontal cells 
comprises fibroblasts, osteo and cementoprogenitor cells, osteoblasts and osteoclasts, 
cementoblasts and odontoclasts, epithelial cells and leukocytes (Schroeder HE 1991). 
Fibroblasts are the principal cell of the periodontal ligament. The PDL fibroblasts are 
characterized by an ability to achieve an exceptionally high rate of turnover of the extra 




                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 10 
extensive cytoplasm containing in abundance all the organelles associated with protein 
synthesis and secretion (Ten Cate AR 1997). Mechanical strain applied to the periodontal 
ligament fibroblasts determines their shape, synthetic activity and adhesive interaction with 
the surrounding extra cellular matrix. The PDL has a heterogeneous population of 
fibroblasts. Populations of osteoblast-like fibroblasts, rich in alkaline phosphatase, have the 
capacity to give rise to bone cells and cementoblasts. They are also responsible for the 
production of acellular extrinsic fiber cementum in the mature PDL (Moon- IL Cho 2000). 
They also play a central role in normal turnover, regeneration, and repair following injury to 
periodontium (Lin DG 2000). 
Epithelial cells in the PDL are the remnants of the Hertwig’s epithelial root sheath, 
known as the epithelial cell rests of Malassez (Ten Cate AR 1997). The epithelial rests 
persist as a network, strands, islands, or tubule like structures near and parallel to the 
surface of the root. The density and arrangement of the epithelial rests change with 
increasing age of the individual. The epithelial rests are connected with the junctional 
epithelium, and are surrounded by a basal lamina. The individual cells are small, 
interconnected by only a few desmosomes, and their cytoplasm has few organelles which 
suggest an inactive, resting state (Orbans BJ 1991). They are believed to play a role in the 
maintenance of normal periodontal ligament and are found in areas of normal periodontal 
ligament regeneration following replantation. As compared to areas where no epithelial 
elements were observed the ligament remained disorganized resulting in ankylosis or root 
resorption (Spouge JD 1980). Soe et al (2004, 2005) have demonstrated that this population 
of cells contains multipotent post-natal stem cells that can be expanded to serve as a 
reservoir for stem cells. Sonoyama et al (2007) provided experimental evidence that human 
HERS cells were capable of controlling PDL stem cells differentiation and are capable of 
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Monocyte and Macrophage lineage are present in the PDL. These cells are typically 
found in the perivascular and perineural cuffs of loose connective tissue. Monocytes are 
round to oval in outline and are characterized by a finely ruffled surface Activated monocytes 
secrete collagenase, elastase, plasminogen activators and lysosomal hydrolases and are 
thus highly capable of degrading extra cellular matrix. They are responsible for establishing 
the zone of loose connective tissue around blood vessels of the PDL (Garant PR 2003). 
Macrophages are found predominantly located adjacent to blood vessels. They are 
differentiated from the fibroblasts by the presence of phagocytosed material in their 
cytoplasm. In the periodontal ligament the macrophages play the dual role of phagocytosing 
dead cells and secreting growth factors that regulate the proliferation of adjacent fibroblasts 
(Orbans BJ 1991).  
2.1.3.2 Molecular biology of periodontal ligament 
The periodontal connective tissue contains heterogeneous cell populations with 
diverse lineages, metabolic properties, gene expression and functions (McCulloch et al, 
1991). The periodontal ligament cells are believed to express a set of unique genes. Studies 
have shown that mechanical stress induced over cultured human periodontal ligament cells 
resulted in the isolation of MSgens-15 and MSGens-28 and MRG 15.The gene MRG 15 may 
play a vital role in the regulation of cell growth and/ or senescence in the periodontal 
ligament cells and may be responsible for the molecular events in the periodontal ligament 
cells under mechanical stress (Fumio et al. 2003). In vitro studies show that basic fibroblast 
growth factor (FGF) causes down regulation of the tropoelastin gene, the precursor of 
elastin, thereby reducing the elastin protein in the periodontal ligament (Palmon et al., 2001). 
Interleukin-1β found in the extracellular matrix of the periodontal ligament has a regulatory 
effect on the osteoprogenitor cells and the fibroblasts. This interleukin -1β up regulates 
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which are small proteoglycans present in the extracellular matrix and play a vital role in the 
maintenance of tissue integrity (Schonherr et al, 1995).  Studies by Takiguchi et al (1999) 
establish that recombinant bone morphogenetic protein-2 stimulates the osteoblastic 
differentiation in the human periodontal ligament cells. Hidefumi et al in (2003) identified that 
the periodontal ligament cells during the root-resorbing state express (receptor activator of 
NF-κB ligand) RANKL proteins. 
2.1.4 Alveolar Bone 
Alveolar bone is a specialized part of the mandibular and maxillary bones that form 
the primary support structure for the teeth (Sodek J 2000). It forms when the tooth erupts to 
provide the osseous attachment to the forming PDL and it disappears gradually after the 
tooth is lost (Newman MG 2002). Anatomically, no distinct boundary exists between the 
body of the maxilla or the mandible and their respective alveolar processes (Orbans BJ 
1991). These are tooth dependent structures and their morphology depends on the size, 
shape, and position of the teeth (Schroeder HE 1991). 
The function of the alveolar bone processes are to house the roots of the teeth and to 
absorb and distribute occlusal pressures generated during tooth contacts (Moon-IL Cho 
2000) during chewing, swallowing, speech, and parafunctional activities such as grinding 
and clenching (Schroeder HE 1991). Their most important and unique function is to anchor 
the roots of teeth to the alveoli, which is achieved by the insertion of Sharpey’s fibers into the 
alveolar bone proper (Moon-IL Cho 2000). 
2.1.4.1 Alveolar cells and ECM 
Bone consists of about 65% inorganic and 35% organic material. The inorganic 
material is hydroxyapatite, whereas the organic material is primarily type I collagen, which 
lies in the ground substance of glycoproteins and proteoglycans. The glycoproteins are 




                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 13 
oligosaccharide, and the proteglycans are sulfated and nonsulfated glycosaminoglycans with 
a small amount of protein. The inorganic materials almost exclusively consist of calcium and 
inorganic calcium phosphate in the form of hydroxyapatite crystals (Orbans BJ 1991). 
The alveolar process consists of an external plate of cortical bone formed by 
haversian bone and compact bone lamellae. The inner socket wall of thin, compact bone 
called the alveolar bone proper and cancellous trabeculae, between these two compact 
layers, which act as supporting alveolar bone. The interdental septum consists of cancellous 
supporting bone enclosed within a compact border (Newman MG 2002). 
2.1.4.2 Cells of the alveolar bone 
Osteoblasts arise from primitive stem cells or progenitor cells which appear in the 
bone marrow, on bone surfaces, and perhaps also around blood vessels. The progenitor 
cells for oteoblasts in the periodontal ligament form a mixed population consisting of 
preosteoblasts with large nuclei and fibroblast-like cells with small nuclei (Schroeder HE 
1991). Osteoblasts secrete type I collagen as well as the noncollagenous matrix of bone. 
Their ultra structure is characteristic of any actively secreting cells, that is, prominent Golgi 
apparatus, rough endoplasmic reticulum, mitochondria, nucleoli, and many secretory 
vesicles and vacuoles (Orbans BJ 1991). Osteoblasts are always located on the surface of 
bone in contact with the osteoid layer, where they are often arranged in rows (Schroeder HE 
1991). 
Osteoclasts (OC) are smaller than osteoblasts but structurally similar .They are 
located at the periphery of the newly formed bone and regulate the maturation and 
mineralization of the newly formed bone matrix. They have numerous long cytoplasmic 
processes lying in small canals through which they are in contact with neighboring 
osteocytes. Young osteocytes arise from osteoblasts which are enclosed by their product. 
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newly formed bone layers, and with time they become older and mature osteocytes. They 
are then responsible for osteolysis and osteoplasia, and they participate in mineral 
metabolism (Schroeder HE 1991). 
Osteocytes arise through fusion of hematopoetic, mononuclear precursor cells, 
which originate from the bone marrow. Osteoclasts are large, multinucleated cells found 
lying directly on bone surfaces not covered by osteoid, usually within depressions 
(Howship’s lacunae). Their identifying structural characteristic is organelle-poor, brush-like 
cytoplasmic villi located on the side of the cell facing the surface of the bone (Schroeder HE 
1991). Osteoclasts have prominent mitochondria, lysosomes, vacuoles, and little rough 
endoplamic reticulum. It is rich in acid phosphatase and other hydrolytic enzyme (Orbans BJ 
1991). 
2.1.4.3 Osteoclastogenic Factors  
The development of osteoclasts is controlled by osteoclastogenic factors synthesized 
by osteoblasts, like RANKL, OPG and TNF-. RANKL (also known as TRANCE / OPGL 
/ODF) which is expressed on the surface of stromal bone marrow cells and osteoblasts, 
plays a central role in osteoclastogenesis by providing an essential signal to OC progenitors 
through the membrane-anchored receptor, RANK (Hofbauer et al., 2000). Signal 
transduction through RANK (Hsu et al., 1999, Hofbauer et al., 2000) leads to OC 
differentiation and functional activation (Yasuda et al., 1998, 1999). This signaling pathway 
can be disrupted by a naturally occurring decoy receptor for RANKL, termed osteoprotegerin 
(OPG), which blocks the interaction between RANKL and RANK (Yasuda et al., 1998). Bone 
formation in principle can be assessed by the relative ratio of OPG to RANKL. TNF- is one of 
the most potent osteoclastogenic cytokines produced in inflammation (Kwan Tat S et al., 
2004, Warden et al., 2001). TNF- is responsible for stimulating osteoclastic resorption both 




                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 15 
osteoclastogenic effect by activating NF-B through an intracellular mechanism overlapping 
that of RANKL (Lacey et al., 1999). TNF- potently activates osteoclasts, through a direct 
action independent of RANKL but strongly synergistic with RANKL (Lacey et al., 1999). TNF- 
and RANKL, whether acting individually or in combination, exert a real impact on osteoclast 
differentiation (Naruse et al., 2000).  
2.1.4.3.1 RANKL (receptor activator of NF- B ligand)  
RANKL is a protein with 317 amino-acids. It belongs to the TNF super-family and is 
largely expressed in bone, bone marrow and lymphoid tissue. The predominant role of this 
cytokine in bone physiology is the stimulation of osteoclastic differentiation/activation and the 
inhibition of osteoclast apoptosis (Khosla et al., 2001). RANKL in association with 
macrophage-colony stimulating factor (M-CSF) is necessary and sufficient for the complete 
differentiation of osteoclastic precursors into mature osteoclasts. RANKL knock-out mice 
present a severe a severe osteopetrosis and a total loss of osteoclasts (Yasuda et al., 1998). 
RANKL exists both in soluble and membranous forms (Ikeda et al., 2001). The soluble form, 
which corresponds to the c-terminal part of the membranous 44 RANKL, may be produced 
either directly by the cell through an alternative splicing followed by an excretion in the extra-
cellular medium or by a protelytic cleavage of membranous RANKL. Different proteases 
have been proposed to carry out this cleavage, like, tumor necrosis factor converting 
enzyme (TACE), the membranous metalloprotease MT1-MMP and recently the A disintegrin 
and metalloprotease 19 (Armstrong et al., 2002). The ectodomain structure of the protein 
RANKL is made up of a homotrimer. The structural form of RANKL, necessary for the 
interaction between RANKL and its specific receptor RANK, binds to three RANK molecules 
(Lam et al., 2001).  
The protein kinase C (PKC) pathway plays an important role in the regulation of 
RANKL mRNA expression in osteoblasts. The protein kinase A (PKA) pathway may also 
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mRNA expression in murine bone marrow cultures depends on the PKA pathway (Lee et al., 
2002). It has been proposed that RANKL would act through phospholipase C to release 
Ca(2+) from intracellular stores, thereby accelerating the nuclear translocation of NF- and 
promoting osteoclast survival (Komarova et al., 2003).  
2.1.4.3.2 RANK   
RANK is a transmembrane protein of 616 amino-acids. It belongs to the TNF 
superfamily and is expressed primarily on cells of the monocyte/macrophage lineage 
including osteoclast precursors, B and T cells, dendritic cells and fibroblasts (Khosla et al., 
2001). It is also present on the surface of mature osteoclasts. Like other TNFR-related 
proteins, RANK is known to activate a cascade of intracellular signaling events, including the 
recruitment of TNFR associated factor proteins (TRAF), activation of transcription factors 
(NF- , AP-1 and NFAT2), activation of mitogen activated protein kinases cascades (MAPK-
like, ERK, JNK and p38) and induction of Src- and phosphatidylinositol 3-kinase- 
dependent Akt activation (Lee et al., 2003). 
2.1.4.3.3  OPG (osteoprotegerin)  
OPG, which is synthesized as a protein of 401 amino-acids, is cleaved to give a 380 
amino-acids mature protein (Khosla et al., 2001). It is released in its soluble form by stromal 
cells/osteoblasts after losing its transmembrane and cytoplasmic domains. Thus OPG differs 
from other TNFR superfamily members which remain mainly membrane associated (Tan et 
al., 1997). In contrast to RANKL, OPG knock-out mice are osteoporotic (Mizumo et al., 
2002). OPG acts as a decoy receptor for RANKL and down-regulates the RANKL signaling 
through RANK. It represents an antagonist endogenous receptor that neutralizes the 
biological effects of all forms of RANKL and thus acts as an inhibitor for resorption. It has 
also been reported that OPG can directly inhibit osteoclast activity, independently of RANKL, 
through interactions with still uncharacterized receptors present on osteoclasts (Hakeda et 
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osteoclast differentiation, suppression of mature osteoclast activation and induction of 
apoptosis.  
Bone remodeling appears to be mainly controlled by the OPG/RANKL balance in the 
bone micro-environment. Any imbalance in the RANKL to OPG ratio can lead to an 
excessive bone resorption or in contrast an excessive bone formation.  
2.1.4.3.4 TNF 
TNF-, a multifunctional cytokine is produced by activated macrophages. The soluble 
TNF- (mature protein) is released, under physiological conditions, by a proteolytic cleavage 
of the precursor proTNF-, a type II transmembrane protein, at the Ala76-Val77 bond. TACE 
is the protease responsible for this cleavage. TNF- is one of the most potent 
osteoclastogenic cytokines produced in inflammation. TNF- mediates RANKL stimulation of 
osteoclast differentiation through an autocrine mechanism (Zou et al., 2001). It has been 
shown that TNF-causes bone loss in periodontitis, orthopaedic implant loosening and other 
forms of chronic inflammatory osteolysis (Bingham et al., 2002). TNF- is associated with 
various cell signaling systems via two types of cell surface receptors, namely TNFR I and 
TNFR II. Both receptors are expressed on a wide variety of cell types including bone marrow 
hematopoietic cells (Sato et al., 1997). TNFR I is known to mediate most of the biological 
properties of TNF such as programmed cell death and activation of NF- . In contrast TNFR II 
lacks a death domain, therefore TNFR II is involved in an antiapoptotic effect of TNF- 
whereas TNFR I is involved in both apoptotic and antiapoptotic signaling 
2.1.4.4 Molecular biology of alveolar bone 
Owing to the complex anatomic structure of the alveolar bone, very few studies have 
been conducted in the molecular aspect of these structures and it is compelling to 
extrapolate from studies of other bones (Sodek et al, 2000). Protein synthesis is considered 
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Narayanan 2000). The collagen fibrils in bone are stabilized by intermolecular cross-linking 
(Eyre et al., 1988) which offer high tensile strength of the collagen fibrils.  
Non-collagenous proteins like osteocalcin and bone sialoprotein are unique to the 
mineralized tissues, while others like osteopontin and osteonectin are more generally 
distributed. The human osteocalcin gene codes for 125-amino acid pre-pro-osteocalcin that 
includes a 26-amino-acid signal peptide (Lian et al,. 1998). The bone sialoprotein has an 
RGD sequence located in the carboxy terminal region, which helps it to recognize vtironectin 
receptor through which they mediate cell attachment and activate cell signaling pathways 
(Sodek et al, 2000). While transcription of osteopontin another non-collagenous protein is 
upregulated by vitamin D3, transcription of bone sialoprotein is downregulated by Vitamin D3 
(Prince CW et al, 1987). Osteonectin also called as SPARC is believed to regulate cell 
adhesion, cell proliferation and modulation of cytokine activity (Sasaki et al. 1998).The 
human SPARC gene codes for a 300 –amino-acid nascent protein which includes a 17-
amino-acid signal sequence (Hafner et al. 1995).  
  
3, Wound Healing 
__________________________________________________________________________________________ 
                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 19 
3 WOUND HEALING: 
Adult wound healing is a complex process involving cellular and biochemical 
processes including hemostasis, inflammation, proliferation and remodeling. This process 
starts soon after the wound occurs and can take several months to be completed. The result 
of this healing process in adult humans and higher vertebrate animals is the formation of a 
scar (Broughton G et al 2006). Wound healing is the process by which an organism attempts 
to reconstitute a tissue damaged by injury and restore its function. It can be achieved either 
by regeneration or by repair (Bartold et al 1998). Wound healing involves a complex series 
of interactions between different cell types, cytokine mediators, and the extra cellular matrix 
(Douglas MK 2003).  
3.1 Phases of wound healing 
The biologic phases of wound repair involve an integrated continuum of events that 
are dynamic continuous, and interrelated but which, for conceptual purposes, are often 
divided into three arbitrary phases (James WO 1995). Each phase of wound healing is 
distinct, although the wound healing process is continuous, with each phase overlapping the 
next (Douglas MK 2003). 
3.1.1 Inflammatory phase 
The inflammatory phase of wound healing describes those events occurring during 
the first few hours after unintentional or intentional wounding. The migration of large 
numbers of neutrophils into an uncontaminated wound is the microscopic hallmark of the 
inflammatory phase (James WO 1995). Unlike adult wounds, fetal wounds heal in a scarless 
manner with a reduced inflammatory response. When a more intense inflammatory response 
is induced in fetal skin by the application of inflammatory mediators such as bacteria, 
reactive oxygen species or cytokines, the result is the formation of a scar similar to that seen 
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in adult skin. These studies suggest that the recruitment of inflammatory cells to the wound 
site and the production of inflammatory mediators in the wound may play an important role in 
the type of healing that occurs (Hart J. 2002). Besides age, other factors such as the site of 
the wound, as well as gender, also contribute to the type of healing that is seen. For 
example, wounds that occur in the oral cavity heal much faster than cutaneous wounds with 
a reduced infiltration of inflammatory cells, decreased and decreased scarring (Broughton G 
et al 2006) The inflammatory response is composed of two major components: (1) a 
vasomotor- vasopermeability response resulting in regional vasodilation and increased 
capillary permeability, and (2) a leukocyte infiltrate that occurs in response to specific 
chemotactic factors generated in the wound (Stadeimann WK 1998). The initial vascular 
response involves a brief and transient period of vasoconstriction and hemostasis. A 5-10 
minute period of intense vasoconstriction is followed by active vasodilation accompanied by 
an increase in capillary permeability (Douglas MK 2003). Histamine is the key chemical 
mediator responsible for the vasodilation and vascular permeability changes (Stadeimann 
WK 1998). Platelets aggregated within a fibrin clot secrete a variety of growth factors and 
cytokines that set the stage for an orderly series of events leading to tissue repair. Platelet 
degranulation initiates the complement cascade with the formation of C3a and C5a (Douglas 
MK 2003).  
Accompanying the increased vascular permeability of the vessels at the site of 
trauma is an influx of a variety of cells populations including polymorphonuclear leukocytes 
(PMN) and mononuclear leukocytes (Stadeimann WK 1998). The PMN enters the wound at 
the time of injury and is the predominant inflammatory cell present for 3 to 5 days. Their chief 
function is phagocytosis and killing of bacteria contaminating the wound. (Coleman WP 
1997). Activated neutrophils release free oxygen radicals and lysosomal enzymes, including 
neutral proteases, collagenases and elastases, which help fight infection and clean the 
wound. The role of PMN in the initial 3 hours of wounding often defines a decisive period 
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during which bacterial colonization can be established and a significant potential for wound 
infection created (Stadeimann WK 1998).  In the late inflammatory phase, monocytes 
converted in the tissue to macrophages, digest and kill bacterial pathogens, scavenge tissue 
debris and destroy remaining neutrophils. Macrophages begin the transition from wound 
inflammation to wound repair by secreting a variety of chemotactic and growth factors that 
stimulate cell migration, proliferation, and formation of the tissue matrix (Douglas MK, 2003). 
After activation in the wound, macrophages release chemotactic and growth factors for 
fibroblasts, endothelial cells, and keratinocytes. Important among these are PDGF, 
interlukin-1 (IL-1), TGF-α, TGF-β, tumor necrosis factor-α (TNF- α), and FGF-like peptide. 
Lymphocytes appear in the wound in significant number on day 6 and 7 after injury. By 
secreting lymphokines, such as migration inhibition factor (MIF), IL-2, or macrophage 
activation factor, the lymphocyte augment fibroblast accumulation and proliferation (Coleman 
WP 1997). 
Cytokine production including TGF-beta been shown that men have an altered 
inflammatory response, and as a result heal wounds more slowly than females. Since 
inflammatory responses facilitate the recognition and destruction of potentially dangerous 
pathogens and foreign materials, a delicate balance between decreasing the magnitude of 
the inflammatory response to reduce scarring and preventing infection must be maintained. 
(Oberyszyn TM, 2007) 
3.1.2 Proliferative phase 
Proliferative phase begins about 3 days after wounding and continues for 
approximately 21 days. The proliferative phase is characterized by the production by the 
cellular component of their specialized products. The hallmark of the proliferative phase is 
the production and orderly deposition of collagen and the gain of wound tensile strength 
(James WO 1995). Chemotactic and growth factors released from platelets and 
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macrophages stimulate the migration and activation of wound fibroblasts that produce a 
variety of substances essential to wound repair including glycoaminoglycans and collagen. 
These form an amorphous, gel-like connective tissue matrix necessary for cell migration. 
Early in the proliferative phase fibroblasts activity is limited to cellular replication and 
migration. Around the third day after wounding the growing mass of fibroblast cells begin to 
synthesize and secrete measurable amounts of collagen. Collagen level rises continually for 
approximately three weeks (Douglas MK 2003). Myofibroblasts also appear in large numbers 
during this phase. Proliferation of myofibroblasts contributes to wound closure by contractile 
effects, pulling the wound edges together (James WO 1995). 
Experimental data indicate that a number of growth factors are mitogenic for 
epithelial cells. These include TNF-α, FGF, EGF, PDGF, and epidermal cell-derived growth 
factor (EDF). This phase of wound healing is extremely important in the formation of 
granulation tissue. Formation of granulation tissue begins on the third day or fourth day after 
injury and is maintained in open wounds until re-epithelialization is completed. Fibroblast is 
the critical cell in the formation of granulation tissue. During the early phases (first 4 days of 
injury) of granulation tissue formation, hyaluronic acid is the prominent component of the 
wound matrix. In the later stages of granulation tissue formation, hyaluronic acid is replaced 
by proteoglycans. These include chondroitin 4-sulfate, dermatan sulfate, heparin sulfate, and 
others.  Proteoglycans may be important contributors to tissue resilience and may play a role 
in regulating collagen synthesis (Coleman WP 1997). 
3.1.3 Maturation phase 
The hallmark of remodeling phase is the extra cellular aggregation of collagen with 
complex intra- and intermolecular cross-linking of collagen fibrils. The process of remodeling 
lasts for several years as scar becomes more pliable, stronger, and change color, size and 
configuration (James WO 1995). By 3 weeks after injury, homeostasis between collagen 
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synthesis and degradation is achieved and wound remodeling begins. This process 
continues for up to 2 years, and although there is no net increase in collagen content, there 
is a reorganization of collagen fibers into a more organized lattice structure determined by 
local mechanical factors. During this phase, the wound progressively continues to increase 
in tensile strength. The majority of type III collagen fibers placed down early in the healing 
process is replaced by collagen type I. The duration of the maturation phase depends on a 
variety of variables including the patient’s genetic makeup, age, location of the wound on the 
body, type of injury, and duration of inflammation (Stadeimann WK, 1998).  
3.2 Angiogenesis 
Wound healing angiogenesis (WHA) plays a critical role in successful wound repair. 
Chemoattractants to endothelial cells are essential to angiogenesis as new vessels must 
penetrate necrotic bone or fibrin mesh, where no progenitor cells exist. Macrophages 
migrate into the injured tissue and get activated and release endothelial chemoattractants 
and lysin for matrix protein (Hunt KT. 1990). Monocytes / macrophages produce many 
locally active growth factors such as basic fibroblast growth factor which could influence 
WHA. Morphology and chronology of WHA in a collagen sponge show that the process 
begins with margination of leukocytes on the venular side of the microcirculation and post 
capillary venules between 6 and 24 hours after wounding. Forty-eight hours after wounding 
the venular capillaries and post-capillary venular endothelium become hypertrophic and the 
first capillary buds are seen coming from the same vessels. These buds continue to grow 
and increase in number in 3 days. After 7 days, the hairpin configuration is seen, 
establishing a new capillary loop, and new buds continue to grow from the hairpin loop 
(Burger et al., 1983). 
Inducible expression and repression of genes represents a key component of this 
regenerative process. MicroRNAs (miRNAs) are approximately 22-nucleotide-long 
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endogenously expressed non-coding RNAs that regulate the expression of gene products by 
inhibition of translation and/or transcription in animals. miRNAs play a key role in regulating 
angiogenesis. The vascular endothelial growth factor signaling path seems to be under 
repressor control by miRNAs. Mature miRNA-dependent mechanisms impair angiogenesis 
in. Silo et al (2007) hypothesize that dysregulation of specific miRNA is critical in derailing 
the healing sequence in chronic problem wounds this hypothesis is likely to lead to 
completely novel diagnostic and therapeutic strategies for the treatment of problem wounds 
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4 AVULSION 
Avulsion (exarticulation) is the total displacement of tooth from its socket (Andreasen  
et al, 1994). The frequency of avulsion injury ranges from 0.5% to 16% in the permanent 
dentition and from 7% to 13% in the primary dentition. Majority of avulsion injuries involve 
the anterior teeth, especially the maxillary central incisors in both the dentition.  An increased 
frequency of avulsion injury in the primary dentition can be attributed to the fact that the 
supporting tissue that is the alveolar bone is more resilient favoring dislocation to fractures. 
(Andreasen JO 1970). A study in a group of children in Copenhagen that was followed 
continuously from the age of 2 to 14 years showed that by the age of 7 years, 28% of the 
girls and 32% of the boys have suffered a traumatic dental injury to the primary dentition. 
The ratio of traumatic injuries among the girls and the boys was in the ratio of 1.6 to 1. The 
largest no. of injuries for both sexes occurs in the age group of 8-10 years (Ravn JJ 1974, 
Andreasen JO, Ravn JJ 1972). Boys suffer dental trauma almost twice as often as girls in 
the permanent dentition which is related to their more active participation in contact sports 
(Andreasen JO 1994). The main etiologic factors in the permanent dentition are fights and 
sports injuries, while falls against hard objects are a frequent cause in the primary dentition 
(Gelbier S 1967). Increased over jet with protrusion of upper incisors and insufficient lip 
closure are significant predisposing factors to traumatic dental injuries (Andreasen JO 1994). 
4.1 Healing of extraction socket 
Tooth extraction socket is unique in terms of a bone-healing defect in that it contains 
the remnants of periodontal ligament fibroblasts attached to the socket wall. The healing 
events in the tooth extraction socket culminate in the formation of woven bone, which 
ultimately remodels, resulting in restoration of the defect (Delvin H 2002). Healing of the 
extraction wound does not differ from healing of other wounds of the body except for the fact 
that it is modified by the peculiar anatomic situation which exists after the removal of a tooth. 
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(Shafer WG 1983). The biology of wound healing is a complex process involving the cells, 
the signals produced by them and their matrices leading to eventual repair. The process of 
wound healing is divided into three phases namely the inflammatory phase, the proliferation 
phase and remodeling phase (Jie Li 2003). Almer (1969) studied the osteogensis in the 
alveolar socket following extraction in humans and compared it with stuied by various 
invetigators in the past. He found that the first evidence of appreance of osteogenic fibers 
occurs as early as day 7 as compared to day 12 reported in other studies. He compared the 
time sequence of tissue regeneration in human extraction wound with that of the canine. 
Events in no. of days Man Dogs 
Epithelial Proliferation  4 3.5 
Epithelial Fusion 22 7 
Organization of clot 7-20 6 
Beginning of bone formation 7 8 
Bone completion 35 27 
 
4.1.1 Inflammation phase  
After extraction the inflammatory phase ensues. The blood filling the socket 
coagulates, red blood cells being entrapped in the fibrin meshwork and the ends of the torn 
blood vessels in the periodontal ligament become sealed off. Within the 1-3 days after 
extraction, the principal alterations such as vasodilatation and engorgement of the blood 
vessels in the remnants of the periodontal ligament occur (Shafer WG 1983). During 
inflammation the mobilization of leukocytes to the immediate area around the clot occurs 
(McMillan MD 1986). 
4.1.2 Proliferation phase 
Organization of the clot by the proliferation of fibroblasts from the socket wall occurs 
on the second and third day of the proliferation phase. Numerous growth factors such as 
PDGF, bFGF, TNF, cytokines, chemokines and fibronectin are released by macrophages 
and lymphocytes on the second day. Platelets provide mitogens and chemoattractants for 
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fibroblasts (Trowbridge HO 1997). After three days the proliferation of fibroblasts from the 
remnants of periodontal ligament is evident. And these fibroblasts have begun to grow into 
the clot around the entire periphery (Mangos JF 1941). In proliferation phase the growth 
factors such as bFGF, TGF-β stimulate fibroblasts and endothelial cells, which divide and 
cause a capillary network (Andreasen JO 1994).  
4.1.3 Remodeling phase 
In the remodeling phase, the organization of the clot is progressing most rapidly. 
Very young trabeculae of osteoid or uncalcified bone are forming around the entire periphery 
of the wound from the socket wall (Shafer WG 1983). Claflin (1936) compared human and 
dog autopsy specimens and found that extraction wound healing was significantly slower in 
the humans than in the dogs. For example healing of extraction wound nine or ten days old 
in a dog was equivalent to healing in a three week old human extraction wound, and 8 week 
old extraction wound in the dog was as well healed as three and one half month old 
extraction wound in man. The repair of the epithelium and submucosa in humans takes 
almost twice as long in dogs and the time for the complete filling of the socket with bone 
about three times as long (Mangos JF,1941).  
4.2 Periodontal healing in replanted tooth 
Immediately after replantation, a coagulum is found between the two parts of the 
severed PDL. The line of separation is most often situated in the middle of the PDL. 
Proliferation of connective tissue cells soon occurs, and after 3 to 4 days, the gap in the 
periodontal ligament is obliterated by young connective tissue. After two weeks the 
separation line in the periodontal ligament is healed and collagen fibers are seen extending 
from cemental surface to alveolar bone (Andreasen JO, 1994). 
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4.2.1 Early events 
A day after replantation coronal periodontal ligament and transseptal fiber show 
severe disruption. (Error! Reference source not found.) There is marked acellularity with 
exception of a few remaining scattered cells with mitotic nuclei, and a localized collection of 
polymorhonuclear leukocytes. There is a distinct corono-apical break in the fibril continuity, 
located approximately 40-90µ from the root surface (Proye et al, 1982). The torn periodontal 
fibers are connected by fibrous blood clot infiltrated by erythrocytes and polymorhonuclear 
leukocytes (PMN). Epithelial coverage is well adapted to the tooth. In the area of interface 
that is the contact surface between the replanted tissues and the recipient bed there was no 
sign of activity on either side. The fibers loose their individuality and show some degree of 
hyaline degeneration. Bone marrow shows increased activity. But the cementoblasts are 
absent along the replanted root (Nasjleti et al, 1975). Neutrophils are present through out the 
wound space this time. Increasing number of neutrophils migrate towards the tooth surface. 
Degradation of erythrocytes begins (Wikesjo et al, 1992). 
Around the third day areas of cell repopulation appear in the fibers, these 
repopulation from the connective tissue overlying the crest of the alveolar bone. The area 
adjacent to the root surface show less cellularity as compared to the transeptal fiber region. 
Viable cells are present in clusters adjacent to opening from the marrow spaces or in 
proximity to blood vessels. Osteoclasts differentiate in the marrow spaces adjacent to the 
acellular periodontal ligament triggering rear resorption. The distinct break in the continuity 
between fibers attached to the root surface and those of the transeptal and periodontal 
ligament are still apparent (Proye et al, 1982). Basal-cell layer of the epithelium shows the 
greatest activity around the replanted tooth. In the middle third of the periodontal membrane 
it is possible to differentiate areas with diverse reaction, this reaction being more marked on 
the side related to the bone. Bone marrow spaces show increased activity of the connective 
tissue cells but no bone resorption can be seen (Nasjleti et al, 1975). Osteoblasts are 
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present on the ligament surface of the alveolar bone adjacent to the margin of the bone. 
Occasional osteocytes are also seen in this location. Cementoblasts are seen adjacent to 
the cementum (Gould et al, 1980). Inflammatory reaction moves in to its late phase, the 
neutrophils infiltrate gradually decreases while the influx of macrophages increases. 
Macrophages contributes to wound debridement by removing effete blood cells, neutrophils, 
and residual tissue debris and , in addition , has a conspicuous role including release of 
growth factors which support fibroblast proliferation and matrix production, smooth muscle 
cell proliferation, and endothelial cell proliferation and angiogenesis. The macrophage, 
therefore, plays a key role in the transition (Wikesjo et al, 1992). 
4.2.2 Late events 
Around seven day post replantation periodontal ligament is characterized by 
localized areas of acellularity and lack of fiber continuity. Vascular and cellular connective 
tissue is present in the ligament adjacent to opening from the marrow spaces. Several 
multinucleated cells are distributed along the break in fiber continuity. Osteoclasts line the 
marrow spaces and osseous walls of the channels connecting the marrow spaces with the 
periodontal ligament (Proye et al, 1982). Reorganization of the wounded periodontal 
ligament is under way. All the three cell types- fibroblast, osteoblast and cementoblasts are 
seen (Gould et al, 1980). The epithelium is reattached to the reimplanted tooth at the 
cementoenamel junction and regains normality. The connective tissue cells, fibroblasts and 
angioblasts, reach its peak. The interface becomes indistinct. Bone marrow shows areas of 
increased activity. Isolated areas of bone and cemental resorption are seen (Nasjleti et al 
1975). The phase of granulation tissue formation gradually enters into the third phase of 
wound healing in which the newly formed cell-rich tissue undergoes maturation and 
remodeling to meet functional demands (Wikesjo et al, 1999) 
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Around day two to three weeks after replantation the periodontal ligament is cellular 
but lacks normal morphology. Fiber continuity and orientation is reestablished in localized 
area, in other regions fibers ran parallel to the root surface. Root resorption, involving 
cementum and dentin is evident at this stage. The extent varies, with some areas of the 
resorbed surface showing deposition of osteoid or presence of multinucleated cells. Marrow 
spaces appeared larger than those present on 7th day but the osteoclasts are less frequent 
(Proye et al, 1982). Supracrestal connective tissue fibers are restored and show attachment 
to root Cementum. Cementoblasts are still absent. Bone marrow shows isolated areas of 
increased activity mainly localized to spots of cemental and bone resorption or to bone 
formation that led to ankylosis. No evidence of bone or cemental resorption is seen. 
Ankylosis is absent cementoblasts are present along the replanted root after 28 days 
(Nasjleti et al, 1975). 
4.3 Periodontal regeneration 
Regeneration is a biologic process in which the structure and function of the 
disrupted or lost tissue is completely restored (Gottrup et al, 1994). Various experiments 
conducted with the motive of regenerating the tooth supporting structures are based on 
varying biological rationales. Periodontal regeneration is a consequence of certain active 
biological factors. Histological observations are essential for the better understanding of the 
biology of regeneration and this is catered by the usage of animal models (Wikesjo et al, 
1999). The prerequisites for regeneration are the recruitment of tissue-specific cell 
population after wounding. Previous studies showed that repopulating root surfaces with 
cells derived from periodontal ligament enables periodontal regeneration (Nyman et al, 
1982). It is established that formation of cementum is a prerequisite for periodontal 
regeneration (Karring et al, 1993). Periodontal regeneration involves cementogenesis, 
osteogenesis and the insertion of functionally oriented new connective tissue fibres into both 
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newly formed cementum and alveolar bone (Murakami et al, 1999). Several growth factors 
have been implicated in cell proliferation as well as matrix synthesis thereby enabling tissue 
remodeling during regeneration (Caffesse et al, 1993). For obvious reasons, the type of 
periodontal healing that is desirable is regeneration. 
4.3.1 Molecular biology of periodontal regeneration  
Periodontal regeneration is a well-orchestrated process which probably involves a lot 
of factors. Various regenerative processes like cell adhesion, cell proliferation, cell migration 
or chemotaxis, collagen bio-synthesis, all contribute to a varying degree to the regenerative 
process. Studies by Somerman et al on (1999) cultured human periodontal ligament cells 
showed that the periodontal soft connective tissues contain heterogeneous cell populations 
with diverse metabolic properties and gene expression. For the periodontium to regenerate 
the cells responsible for each process must be recruited at the right place at the appropriate 
time. This cell selection process is regulated by certain signaling system which involves 
some important soluble mediators. For instance, the soluble mediators involved in 
periodontal regeneration include growth factors and cytokines like IL-1, tumor necrosis 
factor-α and interleukin-4, lymphokines such as interferon-γ as well as fibronectin and other 
adhesion molecules which are secreted during wound healing by inflammatory cells, by 
resident connective tissue cells and may also be derived from tissue matrix (Bartold et al 
2000). The molecules significantly involved in periodontal regeneration can be broadly 
classified into: 
4.3.1.1 Growth factors 
PDGF, EGF, FGF, IGF-I and II, TGF-α and β, NGF, BMP2-8 are among the family of 
growth factors which are actively participating in regeneration. Growth factors like PDGF, 
FGF, EGF and TGF- α bring about cell growth promotion, proliferation and differentiation 
while BMP2-8 specifically brings about osteogenesis, while TGF-β cause growth inhibition 
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and matrix synthesis (Bartold et al, 1998). The bone morphogenetic protein which belongs to 
the transforming growth factor family of genes has remarkable ability to induce bone 
formation in-vivo and invitro and it recruits osteoprogenitor cells to the site of bone formation 
and repair (Somerman et al, 1983). Insulin-like growth factor initiates proliferation and 
differentiation of osteoblasts in bone (Baylink et al, 1993, Canalis et al 1993). The basic 
fibroblast growth factor  increase the expression of matrix metalloproteinase (MMP-3) which 
in turn degrades the PDL cell-associated proteoglycans, types IV and IX collagen, laminin 
and fibronectin and gelatin. It also controls proliferation of PDL cells and may play an 
important role in PDL regeneration (Shimazu et al, 2003). VEGF is implicated to have a role 
in osteoclastic activity. Matrix degradation releases the ECM-bound VEGF which exerts a 
chemotactic activity on osteoclasts thereby leading to bone remodeling (Engsig et al, 2002). 
Like VEGF, angiopoietins also play essential role in angiogenesis and protects the 
endothelial cells from apoptosis (Li et al, 2003). Growth factors are also one of the soluble 
mediators involved in the cell selection process essential for periodontal regeneration. 
4.3.1.2 Cytokines 
The inflammatory and immune responses during wound healing are regulated by 
cytokines. They play a role in physiological bone remodeling and also act as major local 
regulators of osteoclasts (Mundy GR, 1992). Cytokines like IL-1, IL-1α, IL-1β, IL-3, IL-6, 
TNF-α and β, CSF-1, prostaglandins, LIF have considerable influence over periodontal 
regeneration (Andreasen et al, 1994).  
4.3.1.3 Adhesion molecules  
One of the important events in tissue regeneration is directed cell migration or 
chemotaxis (Schiffman et al, 1979). Extra cellular matrix proteins fibronectin and laminin 
promote the directed movement of different cell types (Terranova et al, 1986). Fibronectin is 
a significant component of the provisional matrix which brings about cell attachment, 
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migration and differentiation. Studies done by Hlund et al (1982) found that fibronectin 
serves as a template fro collagen deposition. Its role in wound healing has been suggested 
by many in-vitro experiments (Colvin RB 1989). 
Integrins are important adhesion molecules which are involved in biological 
processes like inflammation, platelet aggregation, immune function, wound healing and 
tissue migration during embryogenesis. There has been evidence for relating these integrins 
in signaling pathways, transmitting signals both into and outside the cells. Integrins bind to 
other ECM proteins like fibronectin, laminin collagen, thrombospondin, vitronectin, von 
willebrand factor and members of the Ig-SF such as ICAM-1 (Pigott et al, 1993) Adhesion 
molecules like vitronectin are believed to be involved with osteoclastic activity as the 
receptors of these molecules were detected on the cell surface of osteoclasts (Reinholt et al, 
1990). 
4.3.1.4 Matrix components 
The extra cellular matrix components are major determinants of cell differentiation 
and division. They generate mitogenic signals and provide a substratum for cell attachment. 
The matrix components comprise fibrous proteins like collagen and elastin, adhesion 
molecules such as Fibronectin and laminin, proteoglycans such as aggrecan, decorin, 
biglycan, lumican etc (Bartold et al, 1998).PDL cells express syndecans, a family of heparan 
sulfate proteoglycans (HSPGs) core proteins and there is a decline in their expression levels 
during the differentiation process of the PDL cells (Shimazu et al, 1999).The process of 
osteoblast differentiation depends upon a variety of bone-related extracellular proteins like 
the Bone-Gla protein (Osteocalcin), SPARC (osteonectin) and bone sialoprotein (BSP) 
which regulate the cell to extracellular matrix interactions, cell movement, attachment and 
biomineralization (Ibarabi e al, 1992) 
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4.4 Periodontal repair 
When the wound site is not recruited by the tissue specific cell population, repair 
instead of regeneration ensues. A typical example of this undesirable healing is ankylosis 
which occurs when the tooth is replanted with a non-vital or necrotic periodontal ligament. 
Another factor in wound healing which may predispose to repair is the inflammation related 
to bacterial contamination. Repair is contemplated when there is loss of periodontal 
attachment on the root surface (Gottrup et al, 1994) 
4.4.1 Molecular biology of periodontal repair 
The cells implicated in hard tissue resorption are the osteoclast and it acts in two 
ways namely, the acid dissolution of the mineral by carbonic acid and the enzymatic 
digestion of the organic matrix by matrix metalloproteinases and cysteine proteases (Everts 
et al, 1992). The osteoclastic activity is regulated by a myriad of factors like hormonal and 
paracrine agents. The parathyroid harmones, prostaglandins and 1, 25-dihydroxy vitamin D3 
target the osteoblasts to indirectly induce the osteoclasts to stimulate resorption (Rodan and 
Martin, 1981). Investigations by Lindskog (1987) suggest that if the dental root is covered by 
cementoblasts they act as a protective barrier against resorption, the reason being that 
these cells are devoid of receptors for parathyroid harmone. Calcitonin is a hormone that 
acts directly on osteoclasts and inhibits their bone resorbing activity (Chambers et al,1982). 
Ginger et al (1991) suggested the presence of paracrine factor in periodontal ligament cells 
represent a mechanism by which tissues adjacent to the bone regulate bone cells and 
thereby influence the integrity of bone. 
The source of the cells repopulating the injured periodontal ligament determines 
whether or not ankylosis occurs. Studies conducted by Line in monkeys (1974) and by 
Melcher (1970) suggested that if after injury the connective tissue cells repopulating the 
wound are from the progeny of periodontal ligament cells, normal reconstitution occurs. But 
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if wound colonization occurs from a source outside the ligament, especially from bone 
marrow spaces of alveolar bone, ankylosis may occur. Extensive PDL damage results in 
very few viable PDL cells and hence the endosteal osteoblasts successfully compete with 
the limited PDL cells and repopulate the denuded root surface (Andreasen JO 1981) 
The periodontal ligament cells possess osteoblastic phenotype but still they do not 
get mineralized in physiological conditions. Isaka (2001) investigated root resorption and 
ankylosis between groups with intact periodontal ligament and those with the PDL scraped 
off. Root resorption and ankylosis were reported in the group without the PDL, whereas 
those in which the PDL was intact showed no signs of resorption and ankylosis. The 
probable reason for this is the presence of soluble factors like prostaglandins which inhibit 
osteoblast differentiation and function. Another factor which prevents dento-alveolar 
ankylosis and maintains the width of periodontal space is the presence of the odontogenic 
epithelium, in particular the epithelial rests of Malassez (Lindskog et al, 1988). 
Inflammatory resorption is a way of handling the damaged and infected hard tissue 
prior to healing and is a necessary step to fight against invading bacteria. Following hard 
tissue injury, an inflammatory response is elicited which liberates cytokines like IL-1,IL-3, IL-
6, tumor necrosis factor (TNF), colony stimulating factor(CSF), prostaglandin, leukemia 
inhibitory factor (LIF) and promotes hard tissue resorption. Conversely the cytokine like 
transforming growth factor–β (TGF-β) which is a powerful stimulator of bone cell growth has 
an inhibitory effect on resorption (Andreasen JO, 1994).The occurrence of Matrix 
metalloproteinase (MMP-3) has been observed in inflamed periodontal tissues and it plays a 
role in the connective tissue breakdown associated with severe inflammatory diseases 
(Stashenko et al, 1991). MMP-3 is considered to be a major enzyme degrading 
proteoglycans in the PDL cells. Shimazu and Morishita (2003) in their investigations 
observed that bFGF increased MMP-3 mRNA expression in PDL cells through the MEK 2 
mitogen activated protein (MAP) kinase pathway within 12 hours of administration. IL-1β, an 
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inflammatory cytokine released by monocytes and macrophages also stimulates the release 
of this MMP-3 in PDL cells in vitro (Stashenko et al, 1991).  Recent studies by Garlet et al 
(2006) concluded that the pattern of cytokines produced in periodontal tissues has a 
regulatory effect on breakdown of soft and hard tissues by maintaining a balance between 
the MMPs, TIMP and RANKL/OPG expression.  
Investigations revealed that human periodontal ligament cells derived from deciduous 
teeth had the ability of osteoclastogenesis in vitro. Two important proteins such as Receptor 
activated NF-Kappa B Ligand RANKL and their decoy receptors Osteoprotegerin (OPG) 
were implicated in this process. RANKL and OPG are believed to be positive and negative 
regulator of osteoclastic activity respectively (Lacey et al, 1998). In other investigations done 
by Hasegawa et al, it was found that the permanent periodontal ligament cells also 
expressed both RANKL and OPG mRNA, but could not stimulate osteoclastogenesis unless 
the expressed OPG is neutralized by the anti-human OPG antibody. These findings indicate 
that the periodontal ligament cells protect the tooth root by inhibiting osteoclastogenesis. The 
RANKL and OPG proteins are also implicated in the balanced alveolar bone resorption 
occurring in orthodontic tooth movements and their expression were observed in the PDL 
fibroblasts and osteoblasts in the compressed side of the ligament (Takahiro et al, 2002). 
Under static compressive force, prostaglandin PGE2 promotes the expression of RANKL in 
PDL cells (Hiroyuki et al, 2002). 
Devlin and Sloan (2002) investigated osteoblast differentiation in the human 
extraction socket and found that Runx2 was expressed by the osteoblasts in the socket wall 
and in the surrounding marrow spaces. This protein stimulates osteoblast differentiation and 
it regulates the expression of the extra-cellular matrix proteins like osteocalcin, osteopontin 
and α1 (I) collagen. Runx2 was also found to be expressed from pre-osteoblasts present in 
the layer adjacent to the bone surface and from osteoprogenitor cells positioned toward the 
center of socket. 
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Possibly the process of PDL regeneration is not as rapid as bone formation (Melcher 
AH 1976). Hence progenitor cells migrating coronally and forming a new periodontal 
attachment are overrun by bone-forming cells as the distance from the base of the wound 
increases (Kling et al 1985, Wikesjo et al, 1988). 
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5 SEQUAELAE OF REPLANTED TOOTH 
Replantation of the avulsed tooth often will lead to pulpal and periodontal 
complications. Pulp pathology includes pulpal necrosis and internal resorption. And the 
periodontal reactions include healing with normal periodontium, healing with ankylosis 
(replacement resorption) with or without inflammatory root resorption (IRR) (Andreasen, 
1994)  
5.1 Pulpal consequences 
An important factor affecting the survival of replanted teeth is the reaction of the pulp. 
Pulp necrosis may cause periapical inflammation as well as IRR (Skoglund et al 1981). The 
pulp invariably loses its vascular supply following avulsion, except in the case of an 
immature tooth with open apex where revascularization rarely occurs. Necrosis generally 
proceeds and the pulp is often infected as a result of contact with saliva or extra oral debris. 
(Andreasen JO 1981). Extensive pulpal changes can be observed as early as 3 days after 
replantation. The most severe damage is observed in the coronal part of the pulp. 
(Andreasen JO 1994). The presence of necrotic pulp and destruction of the periodontal 
membrane and cementum results in an opening of the dentinal tubules directly into the 
periodontal space, toxic products from the necrotic pulp or bacteria would pass through the 
tubules, causing an inflammatory reaction in the periodontal membrane, and no healing 
would take place. This inflammation provokes a resorption process resulting in a complete 
resorption of the root with no attempt of repair, as long as the necrotic pulp is present. 
(Andreasen et al 1966) 
While pulp necrosis is to be expected in avulsed teeth exhibiting complete root 
formation with apical closure, revascularization occurs in teeth with incomplete root 
development. Healing of pulp tissue after avulsion may involve recovery of the original pulp 
or revascularization and replacement of pulp tissue that has become necrotic. Successful 
  
5, Sequaelae of Replanted Tooth 
__________________________________________________________________________________________ 
                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 39 
revitalization of teeth after traumatic avulsion may lead to continued root development and 
deposition of calcified tissue within the existing root structure. Both of these processes 
increase the potential for long term retention of root. (Johnson et al 1985, Johnson et al 
1985, Oman A., 1965). Studies by Skoglund et al (1981) reported that pulp of the replanted 
immature teeth became necrotic after the replantation. Repair occurred through the in 
growth of a well-vascularized, cell rich connective tissue that reached the pulp horn after 
approximately 30 days. In 180 days the pulp tissue was reduced in cells and blood vessels, 
and a tissue that resembled bone or cementum occupied most of the original pulp cavity. 
Severe pulpal damage occurred more frequently in teeth exhibiting narrow apical 
foramina. Revascularization with re-establishment of viable cells within the pulp was more 
likely to occur in teeth with an open apical foramen (Johnson et al 1985). Teeth with the 
apical foramen width of 1.0 mm or less showed no pulp revascularization. A comparison 
between maxillary and mandibular incisors revealed a significantly increased frequency of 
revascularization in the latter teeth, indicating that narrow apical foramen of mature teeth 
does not permit in growth of vital tissue sufficient to replace the whole necrotic pulp (Kling M 
et al 1986). This factor reflects the importance of a large interface between the pulpal and 
periodontium in order to facilitate the revascularization process. Teeth with shorter root 
length showed greater revascularization (Andreasen et al 1995). Tooth length that is more 
than 15mm showed lower rate of revascularization and increased rate of infection and lower 
chance of pulpal survival (Andreasen et al 1990). 
As compared to healing in PDL after a dry period of 20-30 min which results in water 
evaporation which can kill most of the PDL cells, dehydration of the pulpal cells could be 
expected to occur to a more limited extent due to protection against drying by the root canal 
walls except at the apical foramen. The damaging effect of dry storage upon pulpal healing 
is limited to the most periapical part of the pulp in the apical foramen. A drying effect could 
therefore be expected to be related to problem in the initial phases of the revascularization. 
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Storage medium had little effect on pulp vitality and no significant difference was found 
between the different media. These media protect the pulp from desiccation in the apical 
area. Most of the pulp is protected by the pulp canal wall and only the periapical pulp is in 
contact. If the zone however gets contaminated by bacteria from the storage media or form 
the mouth, the wet environment could favor bacterial survival and thus jeopardize pulp 
revascularization. Wet storage of less than 5 min resulted in significantly greater healing 
compared to longer wet storage period (Andreasen et al1995, Kling M et al 1986). For teeth 
with immature apex the extent of pulpal survival was significantly increased in teeth 
replanted after tissue culture. Teeth bench dried for 60 minutes and thereafter placed in 
tissue culture medium showed increased amount of pulpal survival (Andreasen et al 1978) 
5.2 Periodontal consequences 
Four different types of healing patterns of periodontal ligament were observed 
histologically. They were healing with a normal periodontal ligament, surface resorption, 
ankylosis (replacement resorption) and inflammatory resorption (Andreasen JO 1966). The 
root surfaces of the teeth are protected by the precementum and cementoblasts from 
resorption (Hammarstrom et al 1985). However, if the precementum is mechanically 
damaged or scrapped off, multinucleated cells will colonize the denuded surfaces and 
resorption will occur (Lindskog et al 1987). 
5.2.1 Healing with normal periodontium and surface resorption 
Presence of viable periodontal ligament will allow the regeneration of normal 
periodontium after replantation in about 2-3 weeks (Andreasen et al, 1994). 
Histologically, this is characterized by complete regeneration of periodontal ligament. This 
type of healing occurs only if the innermost cell layers along the root are vital. This type of 
healing will probably take place under clinical conditions, as trauma will result in at least 
minimal injury to the innermost layer of the periodontal ligament, leading to surface 
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resorption (Andreasen JO, 1981). In a study where limited area of periodontal ligament was 
dried, small areas of tissue necrosis and subsequent ankylosis were seen. However 
ankylosis of 1-4mm2 disappeared after 8 weeks while those of 9-16mm2 persisted 
(Andreasen et al, 1981). 
This type of healing is characterized histologically by localized areas of small 
superficial resorption cavities in cementum and the outer most layer of the dentine along the 
root surface. The PDL is not inflamed. This condition is presumably representing localized 
areas of damage to the PDL or cementum, which is healed by periodontal ligament derived 
cells. In contrast with other resorption surface resorption is self-limiting and the resorptive 
cavities are repaired by the deposition of cementoid. Since they are small in size, surface 
resorption is not usually revealed on radiographs (Andreasen,JO 1980 1981). This process 
is also known as transient resorption. 
5.2.2 Inflammatory root resorption 
Inflammatory root resorption is one of the complications of traumatized mature teeth. 
This form of resorption is maintained by an inflammation in the PDL which is caused by the 
bacteria present in the pulp and in the dentinal tubules (Vanderas AP. 1993). IRR is 
characterized by bowl shaped resorption cavities in cementum and dentin associated with 
inflammatory changes in the adjacent periodontal tissue (Andreasen et al 1966). The IRR in 
the periodontium consists of granulation tissue with numerous lymphocytes, plasma cells, 
and polymorphonuclear leukocytes. Adjacent to these areas the root surface undergoes 
intense resorption with numerous lacunae and osteoclasts (Andreasen JO 1994). Minor 
injuries to the PDL and /or cementum due to trauma or contamination with bacteria induce 
small resorption cavities on the root surface. If these resorption cavities expose dentinal 
tubules and the root canal contains infected necrotic tissue, toxins from these areas will 
penetrate along the dentinal tubules to the lateral periodontal tissues and provoke an 
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inflammatory response. This in turn intensifies the resorption process which advances 
towards the root canal. The resorption can very rapidly progress, i.e. within a few months the 
entire root can be resorbed (Andreasen JO. 1981). The bacterial presence serves as a 
nucleus for continuous stimulus for the inflammatory resorption (Tronstad L. 1998). These 
bacteria produce acid and proteases to destroy the bone matrices. The bacteria also 
produce osteolytic factors that promote osteoclastic activity. These together with the 
presence of pro-inflammatory factors such as interlukin 1 and 6 (IL-1, IL-6), macrophage 
colony stimulating factor (M-CSF), tumor necrosis factor-alpha (TNF-α) and prostaglandin E 
(PGE) help to promote osteoclastic action on bone resulting in eventual loss of teeth in few 
months (Ne RF et al 1999). Topical application of dexamethasone has been found to reduce 
the initial inflammatory response after severe attachment damage (Sae-Lim et al. 1998) 
5.2.3 Replacement resorption (ankylosis) 
Ankylosis is the fusion of the alveolar bone and the root surface and is histologically 
seen after two weeks after replantation (Andreasen JO, 1980). Absence of vital PDL on the 
root surface appears to be the cause of replacement resorption (Lindskog et al., 1985). 
Replacement resorption develops in two different directions, depending upon the extent of 
damage to the PDL covering the root: either progressive replacement resorption, which 
gradually resorbs the entire root, or transient replacement resorption, in which already 
established ankylosis later disappears (Andreasen JO, 1981). Progressive resorption is 
always elicited when the entire periodontal ligament is removed before replantation or after 
extensive drying of the tooth before replantation (Andreasen JO, 1981). It is assumed that 
the damaged PDL is repopulated from adjacent bone marrow cells, which have osteogenic 
potential and consequently form an ankylosis. Radiographically it is characterized by 
disappearance of the normal periodontal space and continuous replacement of root 
substances with bone. Clinically the ankylosed tooth is immobile and has a high percussion 
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sound (Andreasen JO, 1981, Andreasen et al 1966). Replacement resorption is seen as 
bowl shaped cavities in cementum and dentin associated with the inflammatory changes in 
the adjacent periodontal tissues (Andreasen JO 1975). 
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6 FACTORS AFFECTING PERIODONTAL HEALING: 
6.1 Extra oral period  
The presence of vital PDL membrane on the avulsed teeth is crucial for normal 
healing of the replanted avulsed teeth (Cvek M 1974). The most common complication of 
replanted avulsed teeth is replacement resorption, a healing complication related to the 
degree of viable PDL membrane cover on the avulsed teeth (Andreasen JO 1978). It is 
assumed that this relation is due to the harmful effect of the extra alveolar period upon 
survival of periodontal ligament cells attached to the avulsed teeth. The cells in the PDL are 
sensitive to a dry extra-alveolar period (Soder PO 1977). Dry storage is very detrimental to 
the preservation of the normal periodontium (Andreasen JO 1981). This effect of dry extra 
alveolar period on resorption of the root appears to be mediated by necrosis of PDL cells 
(Andreasen JO 1995). Exarticulated teeth should be replanted as soon a possible, thirty to 
forty minutes seems to be the limit of drying of the periodontal ligament to avoid severe root 
resorption (Blomlof L 1983). 
Cvek (1974) in his studies found that extra-alveolar dry interval of more than 15 
minutes often results in ankylosis unless the dry interval is followed by a wet interval before 
replantation. When a dry interval of up to 40 minutes was followed by a wet interval of 25-60 
minutes in isotonic environment the occurrence of ankylosis was much lower.  After 60 min 
dry period, very few vital cells remained upon the root surface; and after 120 minutes no 
viable cells could be demonstrated. Extended dry storage damages the root surface and /or 
the pulp which leads to inflammatory root resorption. Damaged parts of the periodontal 
ligament and cementum are removed by a resorption process; thereby exposing dentinal 
tubules in direct communication with areas of necrotic pulp tissue, diffusion of toxic elements 
from the pulp via dentinal tubules may then induce and sustain inflammation in the 
periodontium (Andreasen JO 1981). Histological findings by Loe et al (1961) suggested that 
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a normal periodontium was never found and there was widening of periodontal ligament 
space with numerous Howship’s lacunae containing osteoclasts indicating active root 
resorption in teeth replanted after a dry period of 60minutes and above. In teeth that were 
dried for 15 or 30 min, small parts of the periodontal membrane were normal or close to 
normal; no resorption or bone formation took place here, and the periodontal ligament fibers 
revealed functional orientation. Replanted teeth that are prevented form drying during the 
extra alveolar period show very little root resorption. The periodontal condition in these teeth 
is similar to those seen in the immediately replanted teeth whereas teeth that are allowed to 
dry in room atmosphere showed inflammatory resorption on almost the entire surface 
(Blomlof L 1983).  
In vitro studies on the effect of dry period in cell culture by Blomlof et al (1983) 
showed that storage of cultured PDL cells in a humid atmosphere caused little cell damage 
compared to those cells that were allowed to dry in room atmosphere. Less than 10% of 
cells survived 60min of storage in room temperature and no cells could be cultivated after 60 
min of storage in room temperature. Similar results were shown by Soder et al (1977) who in 
their study found that viable cells from the periodontal membrane could be harvested after 
an extra-alveolar period of 30 min. A dry period of 60 min resulted in few viable cells but 
after an extra-alveolar period of 120 min no viable cells could be observed. In vitro studies 
by Lin et al found that the storage condition of the avulsed teeth exerts a profound effect on 
the phenotype of cells cultured from the remnants of PDL attached to the root surface. Cells 
show an increased expression of osteopontin, alkaline phosphatase and α-smooth muscle 
actin and decreased expression of type XII collagen after prolonged dry storage. These 
findings suggest that dry e favors growth of osteogenic cells at the expense of periodontal 
ligament fibroblasts (Lin DG 2000). 
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6.2 Storage media 
In cases of traumatic tooth avulsion, the primary goal is to preserve the vitality of the 
periodontal ligament cells attached to the root surface until appropriate treatment can be 
performed. The ideal treatment of choice at the time of avulsion is immediate replantation. 
Unfortunately, some situations may occur that delay immediate replantation. When such 
conditions exist, the tooth should be stored in a medium that maintains PDL cells viability 
until definitive dental treatment can be accomplished. Studies have shown that a delay in 
replantation is acceptable when the teeth are placed in a suitable medium and replanted 
within 1 to 3 hours (Orest M.H 1997).The hypothesis in support of soaking the teeth before 
replantation is that after an extended dry period, the root is covered with necrotic and dying 
cells. These may be potent stimulators of inflammation with replacement resorption as the 
ultimate result. With soaking, it is theorized that the necrotic cells will wash off the root 
surface thus being removed as inflammatory stimulators, and the remaining cells might be 
maintained and revitalized by the storage media constituents (Pittiette M 1997). A study by 
Blomlof et al (1983) found that the optimal storage medium would be the tissue fluid of the 
PDL on the exarticulated tooth which should be prevented from evaporation thus resulting in 
a significant decrease in both inflammatory and external root resorption. Storage of avulsed 
teeth in saliva, saline, milk, tap water, culture media, Hank’s Balanced Salt Solution (HBSS), 
and Via Span has been associated with favorable healing outcome (Mitish Dackie IC 1992). 
Studies by Andreasen et al (1986) showed that storage of avulsed teeth in saline after 30 
minutes dry storage does not influence periodontal and pulpal healing but on the other hand 
it also does not inflict further damage on the structure. Andreasen (1981) in his studies on 
the effect of varying extra-alveolar durations and storage media on PDL healing found that 
storing avulsed teeth in saline for up to 120 minutes prior to replantation resulted in 30 
percent inflammatory resorption and saline storage rarely led to replacement resorption. 
Based on these findings he concluded that the storage of avulsed teeth in saline offered 
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good protection against root resorption for extra-alveolar duration of up to two hours. Blomlof 
et al (1981) showed that damage to the PDL cells of avulsed teeth stored in normal saline 
(0.9 per cent) for one hour was equal to the damage experienced following three hours of 
storage in milk due to differences in osmolality. Oikarinen and Sepa found that tap water 
storage for one hour led to a greater decrease in total collagen and protein synthesis, and a 
slower rate of cell proliferation, in a human periodontal ligament cell culture preparation than 
storage in milk or saliva (Kyosti S 1987). Blomlof et al (1981) attributed the increased cell 
damage to the cell lysis caused by the very low osmolality of the tap water. Andreasen 
(1981) found that this medium produced significantly higher rates of replacement resorption 
than the other media. Tap water also resulted in significantly lower percentage of normal 
PDL cells than saline or saliva storage. Studies on saliva as an interim storage medium have 
indicated that it may not be the most suitable medium for storage of avulsed tooth for 
extended time greater than one hour.  Studies by Blomlof et al showed that one hour storage 
in saliva resulted in approximately twice as much cell damage as HBSS, saline, or milk. He 
suggested that if saliva is to be used as storage medium the duration should be as short as 
possible (Blomlof L 1981).  Storage of cultured human periodontal ligament cells in saliva for 
60 minutes did not markedly alter the proliferative capacity of periodontal ligament cells 
.There was no statistical difference in total protein synthesis after treatment in saliva or milk 
(Kyosti S 1987). In a study conducted with monkey, Andreasen (1981) found that the 
frequency of inflammatory resorption after storage in autologous saliva for 18, 30 or 60 
minutes was 17-19 per cent eight week after replantation but the IRR in teeth stored for 90 
or 120 minutes increased to 30 and 32 per cent respectively. Saliva is a immediately 
available storage medium at all accident locations, but its use should be limited to cases 
where the extra oral duration is less than one hour and superior storage medium such as 
milk, saline, or HBSS are not available.  Milk has been suggested as a storage medium for 
traumatically avulsed teeth. It has a physiologic osmolality and contains fewer bacteria than 
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does saliva. Trope and Friedman stored dog teeth in milk for up to 12 hours. Immediately 
following extraction and reported histologically complete healing or minimal incidence of 
replacement and / or IRR eight weeks after replantation (Trope M 1992). Human periodontal 
ligament cell viability in milk was also studied by Courts et al (1983) extracted teeth stored in 
milk maintained higher number of viable cells compared to teeth stored in saliva, water, or 
dry. After one hour, approximately 35 per cent of periodontal ligament cells from teeth stored 
in milk were viable. Viaspan is a transplant organ storage medium that has been suggested 
for the storage of avulsed teeth (Andreasen JO 1975). An outcome study by Trope and 
Friedman (1992) used replanted dogs incisor that were stored in Viaspan for 6 to 96 hours. 
Teeth that were replanted after storage for up to 12 hours in Viaspan showed no signs of 
replacement or IRR. HBSS is a sterile, physiologically- balanced isotonic salt solution. 
Matsson et al (1982) stored extracted dogs incisors in HBSS for 30-60 minutes prior to 
replantation, these teeth showed negative area of resorption. Huang et al (1996) cultured 
periodontal ligament cells from extracted human teeth, and then measured cell viability after 
storage in different media for one to 96 hours by the number of cells attached to the cell 
culture dishes. Following storage in HBSS for three hours, 90 percent of the cells remained 
attached and 47 percent still remained attached after 72 hours. Conditioned Medium, the 
supernatant obtained from the growth of human gingival fibroblasts was hypothesized to 
provide an environment rich in growth factors important for cell vitality. Recent studies have 
provided evidence that these proteins may serve as therapeutic agents in periodontal 
healing (Dennison DK 1994). Martin MP and Pileggi (2004) studied the potential of Propolis 
as storage medium for avulsed teeth. Propolis is an antibacterial and anti-inflammatory 
resinous bee-hive product. Human extracted teeth were bench dried for 30 minutes and 
stored in Propolis of two different concentrations (50% and 100%) for 45minutes. Both 
Propolis groups demonstrated significantly more viable PDL cells than HBSS, Milk, or saline.  
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6.3 Socket environment 
Trope et al (1997) hypothesized that change in the socket which occurs after 
avulsion results in the vastly different success rates in healing outcome. In his studies he 
found that when 6-hour stored teeth were replanted into 6, 48 and 96 hrs sockets the healing 
pattern varied. As the socket age increased, the incidence of complete healing decreased 
significantly and there was a significant increase in the incidence of replacement resorption 
suggesting the possible role of socket in unfavorable healing outcome. Earlier studies by 
Morris et al (1981) also showed that the viability of periodontal ligament cells on the root is 
not the only factor to be considered. The changes within the socket also have a definite role 
in subsequent healing. He found that tooth out of the mouth for 20 minutes and transplanted 
to sockets vacated for two hours showed more ankylosis and root resorption than those out 
for two hours and transplanted to 20-minute socket, suggesting that the bony response 
might have stimulated or initiated a greater degree of osseous response in the sockets open 
for two hours. The earlier return of the roots in the 20 minute sockets might have acted in 
such a manner as to retard or inhibit the osseous response. Morris et al (1980) proposed 
that both root surface and periodontal ligament tend to inhibit osseous activity and in that 
way help preserve the integrity of the periodontal space. Any decrease in root and ligament 
inhibitory influence or any increase in osseous activity would upset the balance and allow the 
bone to violate the periodontal space, fuse to the root, finally causing its resorption and 
replacement. The findings of Oswald et al (1980) showed that removal of a part of the socket 
wall delays root resorption after replantation. Bone removal increases the distance between 
the root and the bone; therefore, it takes longer for new bone to traverse to reach the root 
surface. The lamina dura is the site at which new bone growth occurs and would have to be 
reconstituted before ankylosis could ensue. With either explanation, the change in resorptive 
activity after removal of the socket wall does indeed have a role in replantation healing. The 
tooth socket is an accessible environment with the potential to be controlled once the 
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mechanism of its destructive capacity is understood, thereby enabling us to change the 
environment of the socket to be less destructive and more conducive for healing upon 
replantation of stored teeth (Trope et al. 1997). 
6.4 Stage of root development 
Approximately 35% of avulsions occur before the age of 9 year, i.e. usually before 
completion of incisors root development (Andreasen JO 1995). Replanted teeth with 
incomplete and complete root formation show difference in healing pattern. Teeth replanted 
with immature root formation develop less root resorption than those replanted with complete 
root formation. This could be due to the periodontal ligament’s ability in teeth with immature 
root formation  to recover after replantation or the pulp healing usually seen in immature 
teeth in contrast to mature teeth, has a positive effect upon periodontal healing (Kristerson L 
1984). The layer of PDL on the root can vary in thickness from a single cell layer to the full 
thickness of periodontal ligament, thus with more mature root formation, PDL tissue layer 
gets thinner. A thick periodontal ligament, thus can tolerate a certain dry period before 
evaporation has killed the critical cell layer next to the cementum, thus showing less 
dependence on dry storage (Andreasen JO 1995). A study by Cvek et al (1974) found that 
ankylosis was more common among teeth with a mature root than among those with an 
immature root. The variation of the results with the degree of maturity of the teeth was 
greater among the teeth that had been kept dry during the whole time before implantation. In 
teeth with an immature root , both those replaced after a dry interval of 15 min and those 
replaced after an interval of 20-40min, ankylosis tend to be less common than among the 
teeth with a mature root. Findings from Kaqueler (1969) studies show that regardless of 
extra-oral period, temperature and medium of storage, the more immature the tooth to be 
replanted, the better the prognosis with the extra-oral period of 120 minutes and above to be 
detrimental. Studies have shown that with an extra alveolar storage (dry) of less than 45 min 
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there is a tendency for more frequent completion of root formation. This is due to the ability 
of Hertwig’s Epithelial Root Sheet (HERS) to tolerate the trauma of avulsion and replantation 
plus damage due to extra alveolar storage and sometimes even infection in the root canal 
(Andreasen JO 1995). 
6.5 Storage temperature 
Prognosis of traumatically exarticulated replanted teeth is influenced by the condition 
under which the teeth have been stored before replantation (Blomlof L 1980). Evidence 
suggests that the extra-alveolar storage of avulsed teeth in chilled storage media improves 
the subsequent outcome of healing (Layug ML 1998). Blomlof et al (1980) found that human 
periodontal ligament fibroblasts stored at 40C showed better viability than those stored at 
370C (body temperature) stored extra orally for  120 minutes. Lekic et al (1996) found that 
teeth stored under cool conditions (40C) showed cells with good cell integrity, attachment 
and clonogenic capacity in comparison with storage at room temperature (230C). Cooler 
temperatures reduced cell swelling, increased cell viability and improved recovery, factors 
that may promote wound healing. Kaqueler et al (1969) results are in conflict with the above 
findings. In an in vivo model he found that for mature teeth, root resorption, disorientation of 
periodontal fibers and ankylosis were more pronounced in teeth stored at 40C(cold) than in 
those stored at 370C (body temperature). For immature replanted teeth, root resorption was 
more severe and more frequent when the teeth were stored at 370C. Storage temperature 
above zero degrees shows little difference in healing pattern for the replanted teeth as long 
as the PDL cells were placed in an acceptable medium for teeth stored extra orally for up to 
120 minutes. Dry storage for 60 minutes at 40C showed more normal PDL compared to 
storage at 220C. This effect could be attributed to less evaporation of fluids from the PDL or 
an effect on the cell metabolism. Sub zero dry or wet storage at -180C for both 60 and 120 
minutes resulted in extensive root resorption an effect brought about by the effect of freezing 
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and thawing, resulting in the osmotic changes and intracellular ice crystal formation that 
destroys the skeleton ( Schwartz O, 2002). 
6.6 Effect of root canal status 
The development of IRR is directly related to the damage caused to the periodontal 
ligament by bacteria within the root canal and dentinal tubules (Trope M et al 1992). If a 
necrotic pulp was present and destruction of the periodontal membrane and cementum had 
resulted in an opening of the dentinal tubules directly into the periodontal space, toxic 
products from the necrotic pulp or bacteria would pass through the tubules. This would 
cause an inflammatory reaction in the periodontal membrane and no healing would take 
place This inflammation would provoke resorption process resulting in a complete resorption 
of the root with no attempt of repair, as long as the necrotic pulp is present (Andreasen J O 
1996)  
Different treatment strategies have been suggested to counteract the ill effect of 
necrotic pulp tissue in the root canal. Study by Holland et al (1994) showed that root canals 
filled with calcium hydroxide showed better healing as compared to zinc oxide eugenol. 
Teeth in which the root canals were left open to the oral cavity showed resorption of dentin 
and impaired healing in the periodontium. Pulp extripation increases the dentin permeability 
allowing more pathways for the tissue degradation products to reach the cementum and the 
periodontal ligament (Woehrle RR 1976). Studies by Nasjleti et al (1978) on replantation of 
avulsed teeth in monkey after a dry period of 20 minutes showed no significant histologic 
differences in the rate and quality of the healing of the periodontal tissues between the 
endodontically and non endodontically treated teeth in monkey at the observation period of 
3, 7 and 14 days, and at 1, 2 and 3 months after replantation. Andreasen’s (1981) studies 
suggested that extra-oral root canal filling with gutta percha and Kerr sealer lead to more 
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replacement resorption and surface resorption as compared with teeth replanted after 
extripation or nonextripated pulps. 
6.7 Effect of splinting 
Splinting is the standard of care for stabilization of replanted or repositioned permanent 
teeth following trauma. Although it has been shown in animal experiments that replanted 
teeth without splinting showed analogous healing outcomes compared to splinted teeth, the 
placement of a splint in dental trauma situations is warranted for medico-legal reasons, for 
the comfort of the patient, and for the avoidance of additional trauma during periodontal 
healing. Rigid splint compromise periodontal and gingival healing, and are uncomfortable to 
the patient. Von AT (2001) evaluated wire-composite splint, a button-bracket splint, a resin 
splint, and Titanium Trauma Splint specifically developed for splinting traumatized teeth. All 
tested splints maintained physiologic vertical and horizontal tooth mobility. However 
horizontal tooth mobility was critically reduced in RS splints. Many investigators have 
examined the tissue changes associated with teeth and surrounding structures. In a study by 
Nasjleti et al (1982) showed that active resorption process were more pronounced in teeth 
that were splinted for 30 days than in teeth those were splinted for 7 days, suggesting that 
long term splinting does not help in periodontal wound healing. Similar findings were 
reported in studies by Andreasen and Hjǿrting- Hansen (1996).  
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7 TREATMENT OBJECTIVE OF PERIODONTAL SEQUELAE 
7.1 Minimizing further attachment damage 
Preventive measures can be in place to avoid resorption. This can be achieved to a 
certain extent by immediate replantation or storage of the avulsed teeth in physiologic 
storage medium. 
7.1.1 Immediate replantation 
Replanting the tooth immediately after avulsion is the ideal treatment. This will 
prevent the PDL on the root surfaces from drying out and promote reattachment by ensuring 
a viable PDL ligament cover over the root surface (Andreasen et al 1995). It is one of the 
strongest predictor of PDL healing. (Andreasen et al 1995) Andreasen in 1981 illustrated that 
avulsed teeth with 20 minutes extra-oral dry time can be replanted without complications. 
(Andreasen JO 1981). Similar findings were reported by Loe et al , their study on monkey 
showed that complete healing could occur if teeth were replanted shortly after extraction so 
as to ensure minimal damage to the PDL ( Loe et al 1961). On the other hand inflammatory 
resorption of periodontal origin increased after 30 minutes extra-oral dry time and 
replacement resorption set in after 60 minutes extra-oral dry time as most of the periodontal 
ligament cells are necrosed (Soder et al 2000, Trope et al 1992). Unfortunately, immediate 
replantation is usually not possible and most of the teeth are subjected to delayed 
replantation, the frequent complication of which is replacement resorption. 
7.1.2 Storage media 
In the event that the tooth cannot be replanted immediately, immersing the tooth in a 
physiologic storage media will prevent further damage. The purpose of the storage media is 
to prevent dehydration of PDL cells. Avulsed teeth can be replanted can be replanted 
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without complication if they are reinserted into the socket within 20 minutes of dry time, or if 
they are placed in a suitable medium and then replanted within 1 to 3 hours, depending on 
the storage medium (Andreasen JO 1981). Currently milk is the most widely recommended 
mode of storage due to easy availability, physiologic osmolality and less bacterial content 
than saliva (Layug et al 1998). Blomlof (1981) showed that 71% of PDL cells remained 
viable after 3 hours and 50% of cells were still viable after 12 hours of storage. Other storage 
media that have been recommended include Hank’s balanced salt solution (HBSS) and 
Viaspan. HBSS is a sterile physiologically balanced isotonic solution that is commonly used 
for wound irrigation while Viaspan is a transplant organ medium. Hiltz and Trope (1991) in a 
culture study demonstrated that 71% of the fibroblasts remained vital after 48 hours of 
storage in Viaspan. Both HBSS and Viaspan proved superior to milk as storage medium. 
The use of above mentioned storage medium is recommended by International Association 
of Dental Traumatology (Flores et al 2001). However, awareness of appropriate and 
immediate management by the public was lacking and preventive measures were not 
practiced in most cases (Sae- Lim et al 1997). 
7.2 Manipulating the inflammatory response and bacterial control 
Different pharmacological adjuncts have been investigated with the aim to arrest 
inflammatory response that potentiates the destruction of periodontal tissue thereby 
facilitating the repair of the damaged root surface by deposition of new cementum and 
formation of periodontal ligament. Antibiotics are a part of the pharmacological regime in 
such strategy. Sae Lim et al (1998) has shown that systemic tetracycline, with an anti-
bacterial as well as anti-resorptive effects due to anti-collagenase activity, in a dog model 
resulted in more cemental healing compared to amoxicillin group. They also found that 
tetracycline group was superior, though not significant, in the control of replacement 
resorption. They judge this to be due to anti-bacterial and anti-resorptive effect of 
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tetracycline. Khin and Sae-Lim (2003) using a monkey model reported slightly higher 
occurrence of complete healing in delayed replanted teeth applied topically with minocycline, 
although the difference was not significant as compared to those without the treatment. 
Bryson et al (2003) in a dog model reported no significant difference in remaining root mass 
or percentage of favorably healed root surfaces with and without minocycline treatment. 
Therefore the use of topical minocycline for prevention of external resorption of the root does 
not provide predictable results. The use of steroids has been looked into with regards to 
reduction in inflammatory response by blocking macrophage action. Sae-Lim et al (1998) 
found that the topical addition of dexamethasone to storage media enhanced healing and 
reduced the incidence of replacement resorption. They accounted this finding to the 
reduction of damaging effects of inflammatory process by the glucocorticoids. Local 
administration of Ledermix, a mixture of democlocycline and triamcinalone has also being 
shown to reduce osteoclastic bone resorption. Wong and Sae-Lim (2002) studied the effect 
of immediate placement of intracanal Ledermix on root resorption of delayed –replanted 
teeth monkey teeth. They found that teeth with Ledermix placed had a higher occurrence of 
favorable healing compared to delayed-replanted teeth without Ledermix. Bryson et al 
(2002) also investigated on the effect of immediate placement of Ledermix in comparison 
with calcium hydroxide on teeth that were air dried for 1 hour. Tooth with ledermix showed 
less loss in root mass in comparison to those filled with calcium hydroxide.  
7.2.1 Stimulation of cemental healing 
In a replanted tooth, the ability to stimulate periodontal cell growth may limit the 
osteogenic cells ability to repopulate the denuded root surface, thus decreasing the 
occurrence of osseous replacement and increase the possibility of cemental healing. The 
use of an enamel matrix protein derivative such as Emdogain® has gained popularity in the 
regeneration of periodontal ligament in teeth with periodontal disease due its ability to 
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increase expression of growth factors and promote primary cementum formation 
(Hammamoto et al 2002). Iqbal and Bamaas (2001) in dog model with 3 months observation 
found that teeth that were replanted with Emdogain® applied topically had a lower incidence 
of ankylosis compared to the group without Lam and Sae-Lim (2004). However studies have 
showen that Emdogain® did not appear to reduce significantly the occurrence of 
replacement resorption after 4 months of observation. This difference in the findings can be 
attributed to the difference in investigation model; the latter study investigated the effect of 
Emdogain® on regeneration of PDL in teeth that were air dried for 60 minutes.  The use of 
growth factors in replanted teeth hinges on their ability to cause differentiation, mitogenesis 
and proliferation of periodontal ligament cells. Recent studies by Lafzi et al (2007) on the 
role of Emdogain in treating periodontal injury suggest that fibroblasts in the emdogain 
treated sites were more rounded with plump cytoplasms and euchromatic nuclei. A well-
developed rough endoplasmic reticulum and numerous mitochondria could be detected. In 
contrast, the fibroblasts of non-Emdogain site were of flattened spindle-like morphology. 
While the signs of apoptosis could rarely be detected at Emdogain site, apoptotic bodies and 
ultra-structural evidence of apoptosis (crescent-like heterochromatic nuclei and dilated 
nuclear envelopes) were consistent features at non-Emdogain site. The extracellular matrix 
at Emdogain site mainly consisted of well-organised collagen fibres, while non-Emdogain 
site contained sparse and incompletely-formed collagen fibres. Coccoid bacteria were noted 
within the extracellular matrix and neutrophils at non-Emdogain site. It seems that Emdogain 
may enhance certain features of gingival wound healing, which may be attributable to its 
anti-apoptotic, anti-bacterial or anti-inflammatory properties. 
Sae-Lim et al (2004) found that topical application of basic fibroblast growth factor 
(bFGF) with fibrin glue showed insignificant higher occurrence of complete healing in 
delayed replanted monkey’s teeth.  
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7.2.2 Slowing the resorption process 
Current guidelines on treatment of avulsed teeth within 60 minutes or more of extra-
oral dry period time by the American Association of Endodontists (AAE 2003) and 
International Association of Dental Traumatology (IADT 2001) suggest the removal of debris 
and necrotic periodontal ligament on the root surface by thorough curettage or use of acid. 
Klinge et al (1984) studied the effect of citric acid on the repair of teeth after delayed 
replantation and found that after removing the non-vital soft tissue remnants, and 
demineralizing the root surface with citric acid for 4 minutes, the frequency of adverse 
healing was reduced. Bjorvatn et al (1989) recommended soaking the tooth for 5 minutes in 
2.4% sodium fluoride solution acidulated to pH 5.5 prior to replantation and this has been 
shown to slow down osseous replacement and make the root resistant to resorption. Filling 
the socket with Emdogain has been advocated (AAE 2003, IADT 2001). Emdogain has been 
shown to stimulate periodontal cells from the socket. (Iqbal et al 2001). The use of HBSS 
supplemented with alendronate, a third generation biphosphonate, has been shown 
statistically significantly more healing, compared with those without alendronate, thus 
proving its inhibitory effect on osteoclasts that may slow down replacement resorption. 
(Levin et al 2001)  
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8 GENE PROFILING-PRINCIPLE OF MICROARRAY USING THE 
AFFYMETRIX PLATFORM 
Molecular heterogeneity of attachment apparatus/periodontium makes unraveling the 
mechanisms of periodontal regeneration a challenging task. The ensembles of genes that 
alter expression and thus are responsible for healing with complications following delayed 
replantation are largely unknown. The strategy of global gene expression profiling using 
Affymetrix GeneChip has been applied in an attempt to observe the molecular mechanisms 
of periodontal regeneration and healing following tooth replantation. The differentiated gene 
expression profiles may reveal characteristic patterns which may facilitate understanding of 
the healing response occurring in delayed replanted teeth. In this study we attempt to 
analyze mRNAs in PDL and alveolar bone from immediately and 60 minute-delayed 
replanted canine (dog) teeth. The identified genetic signature represented a description of 
the ensemble of bone and PDL related mRNAs, which are regulated by delayed replantation 
of teeth. This may provide a molecular insight into this clinical problem with potential bearing 
on future therapeutics. 
8.1 Concept of affymetrix gene chips 
When a gene is expressed it produces RNA which will help with the production of the 
final protein coded for by the gene. It is possible to monitor gene expression by estimating 
the amount of mRNA copies a gene produces. The gene expression microarray is a tool that 
tells us how much mRNA a gene is making.  The high density oligonucleotide arrays allow 
researchers to start without any hypothesis, measure the expression of every gene in the 
entire genome of a particular species, even genes that have unknown function (GeneChip® 
Microarray Curriculum – 2005 Version). 
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8.2 Working principle of oligonucleotide arrays 
In situ oligonucleotide array format is a sophisticated platform of microarray 
technology which is manufactured by using the technology of in situ (on chip) chemical 
synthesis that was first developed by Stephen Fodor et al. (1991). The basic principle of 
manufacturing Affymetrix’s Gene Chips is the use of photolithography and combinatorial 
chemistry to manufacture short single strands of DNA onto 5-inch square quartz wafers. The 
genes on the chip are designed based on sequence information alone, and then using an 
industry chip synthesizers, sequences are directly synthesized onto the surface of the 5-inch 
square quartz wafer at pre-selected positions. GeneChip micro arrays use the natural 
chemical attraction between the DNA on the array and RNA target molecules from the 
sample preparation to determine the expression level of a given gene. There are four 
molecules, or “bases”, in every DNA chain: adenine (A), guanine (G), thymine (T) and 
cytosine (C). These four molecules partner: C partners with G and T partners with U. Micro 
arrays use this base pairing attraction –known as hybridization – to help us identify what 
RNA sequences are present in a sample, which in turn gives an idea of what genes are 
being expressed by that organism and how much they are being expressed. (GeneChip® 
Microarray Curriculum – 2005 Version) 
8.3 Canine genome array profile 
The array employed in our study was GeneChip Canine Genome 2.0 Array which is a 
64-format, 11-micron array design and contains 11 probe pairs per probe set. The sequence 
information for this array was selected from public data sources including Canis familiaris 
UniGene Build #11, GenBank® mRNAs and gene predictions derived from the Boxer Dog 
Genome Project (BROADD1 Prediction Set, Broad Institute). The array contains over 42,800 
C. familiaris probe sets to monitor gene expression for over 18,000 C. familiaris mRNA/EST-
based transcripts and over 20,000 non-redundant predicted genes. (Affymetrix website) 
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9 PAST STUDY 
The initial observtion from our earlier pilot studies forms the basis for investigating the 
tissue responses on extended observation periods of day 3 and day 7. 
9.1 Base line observation at 0- hour and day 1 
The existence of vital PDL cells with proliferative ability is critical for periodontal 
healing after replantation. The PDL cells that remain on the tooth root begin to die as early 
as 5 minutes after avulsion as their normal blood supply and physiological state is disturbed. 
In our earlier study, the down-regulation of most of the differentially expressed genes in both 
0 delayed and 1 delayed PDL re-establishes this phenomenon. Generally it was observed 
that low gene expression levels in both immediate and delayed PDL shows that even during 
the immediate replantation period most of the PDL cells were non-viable. 
The cellular differentiation during wound healing and regeneration is controlled by the 
intricate network of extra-cellular matrix informational molecules, growth factors and 
cytokines. In 0 Del and 1 Del PDL, the down-regulation of key apoptotic gene CLU, ECM 
genes COL1A1, COL1A2, & FBN-1, growth factors such as BFGF & FGF-7, coagulation 
factor X (F10) which are essential for blood clotting was observed. The up-regulation 
Cathepsin L2 suggests that during delayed replantation the remaining viable PDL cells may 
have been severely stressed, undergo degradation and have diminished potential to express 
genes which modulate regeneration. 
Similarly, in the delayed replanted group alveolar bone, at both 0 and 1 day 
observation time points, it was observed that down-regulation of genes was more prominent 
than up-regulation. This may be due to the 60 minutes delay in replanting the teeth, which 
might have had a negative influence on the alveolar socket environment. However, the gene 
expression level was relatively higher than in the PDL. It shows that the bone cell viability is 
not affected as much as PDL and alveolar bone was able to express a considerable amount 
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of genes involved in tissue reconstruction. The findings in this study seems to favour the 
school of thought that PDL regeneration is not as rapid as bone formation and the PDL  cells 
are overrun by alveolar bone cells. 
In 0 Del bone, key cell adhesion genes such as ICAM-1, AGC1, FN 1, β2-Integrin & P-
selectin, inflammatory cytokines IL-6 and IL-1β, were up-regulated.  However, in 1 Del bone 
these genes were down-regulated considerably. On the other hand, the ECM component 
such as type 1 collagen, proteolytic enzymes CTSL2, MMP9, & MMP13 were up-regulated 
and the TIMP1 was down-regulated in 1 Del bone. This could have been an attempt by the 
bone tissues to maintain the balance between ECM synthesis and degradation. However, 
the COX-2 gene which is an important gene for bone repair was down-regulated in 1 Del 
bone. In addition, several important wound healing genes, growth factors and hormones 
were down-regulated in Del bone. It can be speculated that these molecules which have 
been de-regulated in the delayed group bone at this early phase, may potentially lead to a 
plethora of abnormal molecular events at a more pronounced level in the late healing phase, 
thereby causing compromised healing. 
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10 OBJECTIVE 
10.1 Aim of the study 
The objective of the proposed study is  
• To generate a molecular profile of the periodontal ligament and alveolar bone in a tooth 
replantation model. 
• To examine the differences in the gene expression profile exhibited by the immediate 
(favorable) and delayed (unfavorable) replanted tooth at 3 and 7 day observation time. 
• To examine the molecular signals elicited by the involved structures and obtain an 
understanding of unfavorable periodontal healing from a molecular aspect. 
10.2 Uniqueness of the study 
Earlier studies on avulsed teeth have reported the wound healing process after 
replantation from the histological aspects. Molecular studies involving periodontal 
regeneration in disease conditions had mostly used in-vitro models. These past reports have 
provided us with valuable information towards understanding the healing mechanism in an 
avulsed replanted model. However, conclusive evidence from them could not be attained 
owing to the inherent bias in these in-vitro studies. This study has for the first time employed 
a molecular profiling technique in an in-vivo replantation model. We have attempted to 
capture the pattern of gene expression in the periodontal healing process in replanted 
avulsed teeth using a dog model. 
10.3 Rationale for the study 
10.3.1 Three day observation 
Histological studies on avulsion model have shown that at day 3 of wound healing 
following replantation areas of cell repopulation appear in the fibers, viable cells are present 
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in clusters adjacent to opening from the marrow spaces or in proximity to blood vessels. 
Osteoclasts differentiate in the marrow spaces adjacent to the cellular periodontal ligament 
triggering rear resorption. Large numbers of fibroblast are present in the ligament adjacent to 
the wound. Macrophages appear in wound after 24hrs, reach a peak around 3rd day (Kumar 
et al 1997, Andreasen JO 1994, Proye MP et al 1992, Nasjleti CE 1975, Gould TRL  et al 
1980, Amler MH 1969) 
These cellular events elicit a series of   molecular events which include production of 
growth-promoting factors by macrophages for fibroblasts and blood vessels. Activation of 
macrophages induce selective mRNA expression of  Colony stimulating factor-1,cytokine 
necessary for monocyte-macrophage survival, tumor necrosis factor-α (TNF-α), a potent 
inflammatory cytokine, PDGF, a potent chemoattractant and mitogen for fibroblast, c-fos 
and c-jun, transactivating factors for signal activation, other adherence independent mRNAs 
like TGF-β, Interlukin-1(IL-1), human leukocyte antigen-D-related (HLA-DR), Insulin like 
growth factot-1 (IGF-1) (Bartold MP et al 2000, Clark RAF 1997, Trowbridge HO 1997) 
10.3.2 Seven day observation 
On 7th day of healing following replantation periodontal ligament is characterized by 
localized areas of acellularity and lack of fiber continuity. Osteoclasts line the marrow spaces 
and osseous walls of the channels connecting the marrow spaces with the periodontal 
ligament. Isolated areas of bone and cemental resorption are seen. Fibroblasts become the 
dominating cell around 7th day after injury, and are present until the maturation phase of the 
healing process. The lymphocytes also peak around the same time. All three cell types- 
fibroblast, osteoblast and cementoblasts are seen. (Kumar et al 1997, Andreasen JO 1994, 
Proye MP et al 1992, Nasjleti CE 1975, Gould TRL  et al 1980, Amler MH 1969) 
Activated lymphocytes produce a variety of lymphokines like Interferon (IFN-α), TGF-
β. These have an effect on the endothelial cells and thereby have an effect on angiogenesis, 
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fibroblast chemotaxis, secretion of fibroblast growth factor and activating growth factor 
(Bartold et al 2000, Clark RAF 1997, Trowbridge HO 1997) 
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11 MATERIALS AND METHODS 
11.1 Consideration for experimental model 
11.1.1 Rationale for canine model selection 
Earlier studies by Anderson et al in 1968 and Trope et al in 1997 have emphasized 
the suitability of dog model in replantation studies. They have shown that the dog’s 
periodontal tissues have a remarkable ability to reattach under a variety of surgical 
conditions and  are equally  good in comparison with monkeys for tooth replantation studies 
involving replacement resorption. Ritter et al (2004) in their study have used the dog model 
to study pulp revascularization of replanted immature dog teeth, documenting the 
appropriateness of this model. Replantation studies by Skoglund and Tronstad 1978 and 
1981 also emphasis the suitability of dog model. The objective of the present study is to elicit 
a molecular profile of the periodontal tissues in replanted teeth and the canine model offers 
advantages over other animal systems especially for mapping genes which are relevant to 
human diseases (Ostrander et al, 2000).The development of the canine genome map, high 
level of disease ascertainment in dogs, and numerous canine genetic isolates have paved 
the way for the identification of genes of interest for human medicine (Ostrander et al, 2000). 
Besides, choosing a dog model would allow a logical comparison to the histological 
outcomes from the previous tooth replantation studies (Sae-Lim et al., 1998, Trope et al., 
1997). The availability of appropriate tools like canine array has technically facilitated the use 
of canine model. 
11.1.2 Rationale for 60-minutes dry period 
Studies by Soder et al, 1976 have revealed that a monolayer of periodontal cells on 
the root surface possesses the ability to multiply if the teeth were immediately replanted. On 
the other hand, replantation done after 60 minutes extra-oral dry time incurs severe damage 
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to the periodontal cells and replantation done after 120 minutes leaves no more viable 
periodontal cells on the root surfaces.  Similar findings were reported from experiments done 
by Lam and Sae-Lim (2004). We formulated our protocol on the basis that immediately 
replanted teeth will result in optimal healing while the delayed replanted teeth are likely to 
have a complicated healing with resorption and ankylosis being a major threat to the 
success of replantation treatment. 
11.1.3 Root canal treatment 
The American Association of Endodontists Committee on treatment of the avulsed 
tooth and UK National clinical guidelines in pediatrics dentistry recommends that endodontic 
therapy which is removal of the pulp and the preparation of the root canal of an avulsed, 
replanted, mature tooth with closed or almost closed apex should be carried out as soon as 
tooth is stable enough for access cavity to be prepared – ideally within 10 to 14 days after 
replantation (Camp JH 1983, Gregg T 1998). Based on his findings, Andreasen JO 
suggested that immediate replantation and a postponed root canal filling is the opted 
treatment for avulsed teeth (Andreasen JO. 1981). In a clinical situation, replantation of the 
avulsed tooth is done as the first line of treatment and removal of the pulp and root canal 
preparation after 7-10 days is recommended (Trope , et al 1992). The current study aims to 
capture the early molecular profile of traumatized periodontal tissues in replanted avulsed 
teeth just as in a clinical scenario. Hence, in an attempt to simulate the clinical scenario root 
canal treatment was not performed for any of the 3 and 7 day groups. 
11.2 Surgical phase 
11.2.1 Preparation of animals 
The proposed animal research activity was reviewed and approved by the Tan Tock 
Seng-NNI, Singapore Institutional Animal Care and Use Committee. The animal surgical 
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procedures were performed at the Surgical Science and Research laboratory according to 
the International Guiding Principles for Animal Research (Jones H, 1985). 
Six healthy adult male Mongrel dogs with an average weight of 18kgs and an 
average height of 55cm were used for the experiment. All procedures were performed under 
general anesthesia. Induction of anesthesia was achieved through intra-muscular injection of 
10mg/kg body weight of Tiletamine followed by 5mg/kg body weight of Thiopental. The 
anesthesia was maintained by the administration of 2.5% Halothane via intubation. 
11.2.2 Oral screening and prophylaxis 
Oral examination was performed to detect conditions like tooth mobility, crown 
fracture, and gingival inflammation. Intra-oral periapical radiographs were taken for each 
animal and were evaluated for conditions like presence of caries, periodontal disease and 
incomplete apical closure. The peri-oral area was swabbed with povidine-iodine and the 
intra-oral area was rinsed twice with saline before initiating scaling. After completion of 
scaling, the oral cavity is rinsed twice with 0.05% chlorhexidine. 
11.2.3 Grouping of samples 
Mature incisors, first, second and third premolars were included in the experiment. 
The bi-rooted second and third premolars were hemi-sected and each root was considered 
as a separate unit (Sae-Lim et al, 1998) to maximize the sample size. Totally 81 roots were 
extracted from 6 animals. The experimental teeth were randomly distributed into two groups: 
(Table 1) 
Group 1: Immediate replantation (Favorable) containing 22 roots for 3 day and 18 roots for 7 
day observation period. 
Group 2:  Delayed replantation (Unfavorable) containing 23 roots for 3 day and 18 roots for 7 
day observation period. 
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11.2.4 Tooth extraction and replantation  
Immediate and delayed replantation group (3 and 7 Day):  
The allotted roots were extracted as atraumatically as possible. The root and the 
corresponding socket were gently rinsed with 5ml sterile saline. Root of the immediate group 
were replanted back to the socket within 2 minutes and held gently with finger pressure for 
less than a minute. Roots in the delayed group were allowed to bench-dry for 60 minutes. 
After 60 minutes the roots and the corresponding socket were rinsed with 5ml of sterile 
saline. After ensuring the root has fit snugly into the socket and is stable the roots were left 
undisturbed for 3 day and 7 day observation. 
11.2.5 Post-operative recovery of the animals 
The dogs were fed with normal diet (Hill’s Pet Nutrition, Inc, Kansas).As post-
operative medication, 2mg Amoxicillin (Betamox LA, Norbrook Lab Ltd.) and Buprenorphine 
(Temgesic, Scherring Plough) 0.03 mg/kg body weight was given. The dogs coped well with 
the surgery and were observed for 24 hours. 
11.2.6 Sample collection 
At the end of 3 and 7 days of observation period, the animals were anesthetized and 
the replanted teeth were removed from the socket corresponding to their sequence of 
replantation. The removed teeth were briefly rinsed with sterile saline and dropped into the 
aliquots of RNAlater (Qiagen Gmbh, Germany) which is a RNA preservative. Following the 
removal of tooth, the corresponding inner socket wall was curretaged with sharp spoon 
excavator to remove any attached remnants of PDL fibers. The alveolar bone region 
opposing midroot portion of the extracted root was harvested using a bone rongeur, briefly 
rinsed with sterile saline and dropped into RNAlater (Qiagen Gmbh, Germany) As per the 
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manufacturer’s instructions, the samples in RNAlater were incubated overnight in 4ºC and 
were transferred to -20ºC the following day. 
11.3 Laboratory phase 
11.3.1 RNA isolation from the PDL and alveolar bone 
RNeasy Mini Kit (Qiagen GmbH, Hilden) was used to isolate RNA from the 
periodontal ligament and alveolar bone. The entire procedure was performed according to the 
manufacturer’s protocol (Protocol 1). The samples were quantified using a UV-
spectrophotometer. The A260/A280 ratio was maintained close to 2.0 for pure RNA (ratios 
between 1.9 and 2.1 are considered acceptable) (Table 4,Table 5) 
11.3.2 Assessment of quality using bioanalyzer 
As per the recommendations made by the Affymetrix Genechip expression analysis 
protocol, quantification of the sample was done using the Agilent Bioanalyzer which has the 
advantage of minimal sample consumption over conventional gel electrophoresis while 
giving results comparable to the conventional method. 
11.3.3 RNA 6000 nano assay protocol 
RNA Nano Assay was performed using a Bioanalyzer (Agilent 2100, Agilent 
technologies, GmbH, Germany) (Protocol 2). The data is displayed as electropherogram and 
gel-like image. (Graph 1) 
The values for the calculated RNA concentration and ribosomal ratio are displayed. Samples 
which had a value (rRNA ratio 28s/18s) between 1.9 and 2 were considered for 
hybridization. The results were then re-analyzed using the RNA integrity number (RIN) 
software.  Samples which had a RIN of more than 7 were selected as qualified sample for 
hybridizing into the genechip (Table 4, Table 5). 
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11.3.3.1 Effect of RNA degradation on microarray data 
For accurate measurement of gene expression, the analyzed RNA sample must 
closely represent the amount of transcript in vivo. Partially degraded RNA could have a 
variable extent of bias in quantification of different transcripts. The reliability and 
reproducibility of Microarray data are largely dependent on RNA integrity. If one sample is 
degraded during isolation then about 75% of the differential gene expression measured may 
be due to difference in the RNA integrity (Auer et al, 2003). Hence for our study only 
samples with good quality RNA which had a RNA integrity number of more than 7 were used 
for Microarray (Schroeder et al, 2006). 
11.3.4 Two-cycle eukaryotic target labeling assay 
Owing to the low quantity of our starting total RNA which was in the range of 10ng- 
150ng/ µl, two-cycle Eukaryotic Target labeling Assay was adopted where an additional 
cycle of cDNA synthesis and IVT amplification was performed to obtain sufficient amounts of 
labeled cRNA target for analysis with arrays. 50ng of total RNA was used as starting 
material to perform the two-cycle Eukaryotic Target labeling Assay for each qualified sample. 
11.3.5 Eukaryotic target hybridization 
Canine Genome 2.0 array was used for hybridization (Affymetrix Inc, USA). Totally 
24 gene chips were hybridized, for both PDL and bone samples for 3 and 7 day observation 
period. 
• For PDL (3 day and 7 Day) (each group had 3 biological replicates) 
o 3 Immediate PDL     3 genechips  
o 3 Delayed PDL         3 genechips 
o 7 Immediate PDL     3 genechips 
o 7 Delayed PDL         3 genechips 
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• For Bone (3 day and 7 day) (each group had 3 biological replicates) 
o 3 Immediate Alveolar bone     3 genechips  
o 3 Delayed Alveolar bone         3 genechips 
o 7 Immediate Alveolar bone     3 genechips 
o 7Delayed Alveolar bone          3 genechips 
Additionally one more replicate was added to the existing data from our earlier studies for 0 
and 1 day observation period and was included for analysis. Totally 48 chips were hybridized 
for the observation period of 0, 1, 3 and 7 day. (Table 2) 
11.3.6 Gene chip eukaryotic target labeling assays for expression analysis 
(Adopted and modified from the Gene Chip Expression analysis technical manual) 
The following major steps are involved in the procedure (Protocol 3) 
• Target Preparation 
• Target Hybridization 
• Fluidics Station Setup 
• Probe Array Washing and Staining  
• Probe Array Scan  
11.3.7 Quantitative real- time two step RT-PCR 
Quantitative fluorescence based real time PCR was carried out according to the 
manufacturer’s instructions using the LightCycler system with LightCycler Faststart DNA 
Master PLUS SYBR Green I kit ( Roche Diagnostics, Germany) as an independent method for 
assessing relative gene expression and validation for micro array data.  A representative 
group of 21 genes were selected for the PDL in the delayed group based on transcripts that 
showed a consistent pattern of expression, high fold changes and high signal intensity.  
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11.3.7.1 First –Strand cDNA synthesis (Reverse transcription) 
Reverse Transcription (RT) and QRT-PCR were according to the manufacturers 
recommendations using SuperscriptTM III First –Strand Synthesis System for RT-PCR. 
(Invitrogen) (Protocol 4) 
11.3.7.2 Quantitative real time RT-PCR (Roche light cycler)  
QRT-PCR was performed using the Roche light cycler version 3.5 (Figure 28). The primers 
were designed using Primer3: http://frodo.wi.mit.edu/cgi-bin/primer3/primer3 www.cgi and 
entrez gene: http://www.ncbi.nlm.nih.gov and subsequent checked for specificity using 
blast:http://www.ncbi.nlm.nih.gov/genome/seq/HsBlast.html. All primers were synthesized by 
1st BASE pte Ltd (Table 12). The expression for GAPDH was used as an internal calibrator 
for equal RNA loading and to normalize relative expression data for all other genes 
analyzed. The copy ratio of each analyzed cDNA was measured as the mean of three 
experiments. The real time quantitative RT-PCR data were quantified using relative 
quantification (2-∆∆CT) as described by Livak and Schmittgen 2001 (Protocol 5). The 
specificity of the PCR product was checked by agarose gel electrophoresis (Figure 29, 
Figure 30, Figure 31). 
11.4 Computational phase 
11.4.1 Background knowledge of computational biology 
With thousands of genes and tens of experiments, the enormous amount of 
biological data produced by microarrays requires computational analysis and visualization of 
this information for data interpretation. Automated data mining techniques are applied to the 
data and the information is presented in a way that can be handled and used by scientists on 
genomic scale. There are many choices of algorithms available to analyze the raw data from 
the arrays which includes Microarray Analysis Suite or GeneChip Operating Software (MAS 
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5.0 or GCOS) from Affymetrix, dChip PMMM, dChip PM, Robust multi-array analysis (RMA), 
GC-RMA and PDNN. In contrast to MAS 5.0 or GCOS, in which information from only one 
microarray is used, model-based algorithms incorporate multiple microarray information to 
obtain the expression of a gene. These algorithms use the fitted models to detect abnormally 
behaving probes, which are subsequently excluded for calculating gene expression. 
Therefore, gene expression from these model-based algorithms can be expected to be more 
robust and reliable (Millenaar et al, 2006). 
Among all other methods, RMA gave the most reproducible results and gave more 
consistent estimates of fold change (Irizzary et al, 2003, Millenaar et al, 2006). 
11.4.2 Primary microarray data analysis steps 
The micro array analysis consists of series of steps (Figure 2). 
11.4.2.1 Preprocessing  
Pre-processing is the initial step in data analysis which is used to extract the specific 
binding measurements in the presence of non-specific binding and background noise. 
Oligonucleotides of length 25 bp are used to probe genes. A probe set composed of 11–20 
probe pairs of oligonucleotides represent an mRNA molecule or gene of interest. In order to 
estimate non-specific binding, besides each probe pair consisting of a perfect match (PM) 
probe, a section of the mRNA molecule of interest, a mismatch (MM) probe was created by 
changing the middle (13th) base of the PM.  
To define a measure of expression representing the amount of the corresponding 
mRNA species it is necessary to summarize probe intensities for each probe set. Different 
methods are available for calculating gene expression values, such as “Model-Based 
Expression Indexes” (MBEI) from Li and Wong (Li and Wong, 2001) and “Robust Multi-array 
analysis” (RMA) (a further development of Li-Wong model), etc. For our study, the 
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algorithmic model called RMA Model was administered to summarize the probe intensities 
for each probe set. 
The summary of statistic for the RMA model is as follows: 
PMij = ei + aj + εij 
where PMij represents the transformation that background corrects, normalizes, and logs 
the PM intensities. PMij is known already. ei represents the log2 scale expression value to 
be estimated on arrays i = 1,…I. A robust linear fitting procedure such as median polish was 
used to estimate this unknown log scale expression values ei.aj represents the log scale 
affnity effects for probes j = 1,.…J 
εij represents noise or variation error. 
The RMA approach is an additive model for the log transform of background corrected, 
normalized PM intensities. 
11.4.2.2 Normalization  
Experimental data involving multiple arrays have to be normalized after calculating 
gene expression. The overall signal intensity may vary between arrays and if this variation is 
not of biological origin, it is a standard procedure to remove the non-biological differences 
between two samples for correct identification of differentially expressed genes. Non 
biological variation may be differences in sample preparation, production and processing of 
arrays (Millenaar et al, 2006, Chua et al, 2006).  In our study, a normalization technique 
named cross-correlation normalization which is able to handle unbalanced shifts in mRNA 
levels of a large amount of genes was used. In order to recognize the optimal normalization 
value, the Cross-correlation of one signal with a template was used. The detailed information 
about the normalization method can be found in Chua et al, (2006). 
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11.4.2.3 Gene identification using significance analysis of microarray 
Analysis methods based on conventional t tests gives the probability that a gene is 
differentally expressed by chance. When evaluating a small number of genes, this may give 
significantly expressed genes. But a microarray experiment for tens of thousands of genes 
would identify more genes by chance. Hence we adopted a method specifically for 
microarrays, namely the Significance Analysis of Microarrays (SAM). Extraction of genes 
with expression significantly altered in the log scale was done using SAM method. In order to 
identify genes which are differentially expressed, each gene was assigned a score on the 
basis of its change in gene expression relative to the standard deviation of repeated 
measurements for that gene. Genes with a score greater than a threshold were considered 
as significant .The percentage of such genes identified by chance is called as false 
discovery rate (FDR) which was estimated using permutations of measurements (Tusher et 
al, 2001). The cut-off value for the modified SAM in our study was selected based on a FDR 
at 5% level. A statistic based on the ratio of change in gene expression to standard deviation 
in the data for that gene was applied. The ‘‘relative difference’’ d(i)in gene expression is 
d(i)=   XD( i)-XI(i) 
             S(i) + S0 
where XI( i) and XD(i)are defined as the average levels of expression for gene (i)in states 
Immediate and Delayed replantation respectively for conditional comparison. Likewise for 
temporal comparison it would be X0(i) and X1(i) for 0 hour and 1 day respectively. The 
‘‘gene-specific scatter’’ (i) is the standard deviation of repeated expression measurements 
and S0 is a small positive constant. 
11.4.2.4 Grouping genes based on gene ontology. 
Based on the above mentioned criteria, the genes which were found to be 
significantly differentially expressed were extracted. Information about the biological 
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functions of these differentially expressed genes was obtained using resources from Gene 
Ontology (NetAffx analysis centre). For those genes which lacked information in the NetAffx 
analysis centre, a search using the public databases such as MeSH and Entrez Pubmed 
was administered. The differentially expressed genes were categorized according to their 
biological function.  
11.4.2.5 Hierarchical clustering 
Hierarchical clustering is an unsupervised method used to analyze data without a 
teacher signal; that is, these methods have no prior knowledge of true functional classes and 
typically use similarity or distance measures to distinguish between groups of genes which 
have “similar” patterns of expression (i.e. similar expression vectors). This pattern is 
identified by this clustering method. The iterative process continues with the joining of 
resulting groups based on their similarity until all groups are connected in a hierarchical tree 
(Brazma et al, 2000). 
Hierarchical clustering can be performed pairwise. This means that for determining 
the similarity of two genes/samples their expression vectors will be used to calculate the 
degree of similarity e.g. based on the Pearson correlation. The clustering rule is that the 
most similar pair will be merged to a united gene/sample. The clustering starts with all 
genes/samples. By unifying the most similar pair, the number of genes/samples gradually 
reduces till all the genes/samples are united to one union. As a result, a dendrogram or a 
clustering tree is generated, denoting the degree of similarity. 
In the Genewise hierarchical clustering, the genes having the similar expression 
profiles will be clustered together and thus co-regulated genes or genes of similar functions 
can be identified due to their possible similar expression profiles (Eisen et al, 1998). 
In the sample-wise hierarchical clustering samples having similar gene expression 
profiles will be clustered together. Thus we can use this type of clustering to check which 
  
 11, Materials & Methods 
__________________________________________________________________________________________ 
                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 78 
samples are more similar to each other or to check whether replicate samples or samples 
under similar conditions were clustered together (Eisen et al, 1998).  
Genewise clustering was done using the raw expression vectors, whilst samplewise 
clustering was done using column expression vectors. 
The hierarchical clustering program was applied to both condition comparisons as 
well as to temporal comparison for Bone and PDL using the Genesis version 1.6.0 beta1 
visualization software (Graz University of Technology, Austria). All differentially expressed 
genes, annotated as well as non-annotated genes in all the nine possible comparisons 
between the 3 replicates were subjected to hierarchical clustering.  
Nine ratios were obtained for each gene by comparing 0 immediate group (bone & 
PDL) and 1 immediate group (bone & PDL) bone in 9 possible combinations among the 3 
replicates (Chart 1). Nine other ratios were obtained for each gene by comparing 0-delayed 
group (bone & PDL) and 1delayed group (bone & PDL) in nine possible combinations among 
the 3 replicates (Chart 2: Time line (temporal) comparison – Delayed replantation (Un 
Favorable) group). Similar methods were employed for the other observation period of 3 
and 7 day. Similarly 36 ratios were obtained for each gene by comparing between conditions 
(imm vs del) for day 0, 1 3 and 7 and a sample wise hierarchical clustering program was run 
for the same (Chart 3: Conditional comparison – Delayed/ Immediate). 
11.4.2.6 Visualization of data 
To visualize the hierarchical clustering results Eisen plot (heat maps) were used. Heat 
maps were obtained based on hierarchical clustering using Genesis version 1.6.0 beta1 
visualization software (Graz University of Technology, Austria). These heat maps or 
expression matrices were obtained for each significantly expressed gene for both time line 
and conditional comparisons. As an additional measure to check for consistent expression of 
genes, a maximum of nine possible comparisons were done among the 3 replicates for each 
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group and each ratio was plotted as heat maps. This visualization also enabled us to visually 
monitor the gene expression among replicates. The expression level was color-coded where 
red indicated an up-regulation, green indicated down-regulation and black indicated that 
there was no change in the expression. 
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12 RESULTS AND DISCUSSION 
12.1 Rationale for various comparisons performed in the study 
In our study, 3 different types of comparison were performed, each of which was 
attempted to address key biological questions. 
The comparison between the two conditions that is the immediate and delayed 
replanted teeth at 0 hour and 1 day, 3 day and 7 day will indicate the genes which are 
differentially expressed in the delayed replanted group (unfavorable healing group). The 
process of periodontal repair at early phase can be understood better with this information. 
The time-related or temporal comparison within the immediate group (Hour 0 hour Vs 
Day 1, 3 and 7) will reveal the early molecular events of periodontal regeneration, while 
temporal comparison within delayed group will reveal the early events of periodontal repair. 
Topographic comparison of condition expression patterns and topographic 
comparison of temporal expression patterns of the 2 structures, bone and PDL, reveals their 
molecular responses to replantation conditions and time progression respectively. 
12.2 Results of sample wise hierarchical clustering for alveolar bone and PDL 
The gene expression patterns were obtained for the immediate and delayed group 
for day 1, 3 and 7 by comparing it with 0 hours delayed and 0 hour immediate as the control 
for the corresponding immediate and delayed group for temporal comparison.  For 
conditional comparison the delayed group was compared with the immediate of the same 
time point.  Nine possible comparisons were done between the 3 replicates. Samplewise 
hierarchical clustering approaches were performed for PDL as well as Bone to visualize the 
consistency of gene expression pattern among the various replicate comparisons. 
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12.2.1 Periodontal ligament 
12.2.1.1 Temporal comparison 
In the immediate group, all the nine comparisons were clustered together in their 
respective time points i.e. day 1, 3 and 7. The comparisons for Day 3 and Day 7 were linked 
to each other and the dendogram links of Day 7 were at a lower level than that of Day 3 
comparisons. The above findings suggested that the expression patterns were consistent 
and distinct at day 1, 3 and 7 and likely to be beyond genetic variation and more pronounced 
and distinct at day 7 (Figure 3). 
In the delayed group, the nine comparisons for day 1 were clustered together. Three 
comparisons from day 3 and 7 formed a separate cluster. The remaining 6 comparisons for 
day 3 and 7 were clustered in their respective time points. These findings suggested that 
compared to the immediate group, there was lower expression with increasing level beyond 
day 1(Figure 19) This low level of expression might be related to the RNA degradation due 
to damage incurred from trauma and extra oral dry period on the PDL in the delayed-
replanted group .(Figure 4) 
The combined clusters for the immediate and delayed comparisons showed low level of 
genetic expression at day 1 in both the immediate and delayed groups. The pattern differed 
thereafter in the two groups, with the immediate group showing more genetic expressions 
than the delayed group.  This is in line with the previous understanding that in the delayed-
replanted group, the PDL on the root surface had been damaged while in the immediate-
replanted group, the PDL remained viable and are able to bring about biological events 
leading to optimal healing (Figure 5). 
12.2.1.2 Conditional comparison 
In condition comparison for the periodontal ligament the nine comparisons for day 3 
and day 7 were grouped together in their respective cluster and comparison for day 1 and 0 
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hour were clustered together. The clustering pattern suggests that biological response at 0 
hour and 1 day are similar in the periodontal ligament in the delayed group and the changes 
are not beyond genetic variation. But at day 3 and day 7 the pattern becomes more distinct 
and at day 7 biological responses is better as compared to day 3, this conclusion about the 
biological response on day 7 is based on prior knowledge that samples that have similar 
biological response unify with the most similar pair gradually reducing till all the genes are 
united as to be one union as a result of this pairing the height of the dendogram is the lowest 
and distance greatest from the unpaired genes (Figure 9). Following avulsion, PDL is 
exposed to a lot of environmental stress and the response of the PDL cells in different 
animals and among different tooth might be variable. For PDL, the factor of genetic variation 
seems to be dominant over the biological response elicited by PDL in the delayed group and 
this probably results in an inconsistent pattern seen at day 1 and at 0 hour. Another 
possibility could be that RNA degradation may have occurred at the delayed group and 
therefore a consistent change must have been observed when delayed group was compared 
with immediate group. 
12.2.2 Alveolar bone 
12.2.2.1 Temporal comparison 
For alveolar bone in both the immediate (Figure 6) and delayed (Figure 7) group all 
the nine comparisons were clustered together in their respective time points. The clusters for 
Day 3 and Day 7 were linked to each other and the dendogram links of Day 7 were at a 
lower level than that of Day 3 comparisons. The above findings showed that the expression 
patterns were consistent and distinct at day 1, 3 and 7 and the biological processes were 
independent of genetic variation and more progressive and distinct at day 7.  
The combined cluster for the immediate and delayed group showed a very distinct 
pattern of expression both within the groups and between the time points. Unlike in the 
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periodontal ligament, biological process in the alveolar bone is very distinct from day 1 
between the immediate and delayed group ( 
Table 10: Condition comparison: Alveolar Bone) 
12.2.2.2 Conditional comparison 
The nine comparisons for day 3, 7 and 0 hour were grouped together in their 
respective cluster. 3 comparisons from day 1 were linked with the day 7 cluster. The 
dendogram links of day 3 and day 7 were at a lower level as compared to day 7 and 0 hour. 
Unlike in the periodontal ligament the biological process are distinct from the onset that is 0 
hour and shows a very distinct pattern right from day 3. (Figure 10) 
Following avulsion, unlike PDL the alveolar bone retains its vascular and nutritional supply 
and is better equipped to overcome the side effects of exposure to the environmental 
stresses. When compared to the PDL in the delayed group the alveolar bone in the same 
group shows a more distinct biological pattern at all the observation time points. 
12.2.3 Topographic comparison 
12.2.3.1 Temporal comparison 
Topographic comparison between the PDL and the alveolar bone in the immediate 
group showed a very distinct pattern of cluster for both the tissues. All the 9 comparisons are 
grouped together in their respective clusters for time point 1, 3 and 7 day. Biological 
response between bone and PDL is distinct at day 3 and 7. Biological response on day 1 is 
different in the two tissues but not beyond biological variation. Biological response shown by 
bone is better than that for PDL. This conclusion is based on prior knowledge that samples 
that have similar biological response unify with the most similar pair gradually reducing till all 
the genes are united as to be one union as a result of this pairing the height of the 
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dendogram is the lowest and distance greatest from the unpaired genes This pattern is more 
evident in the bone (Figure 11). 
In the delayed group a very distinct pattern of cluster is evident for alveolar bone. 
Biological response following avulsion between alveolar bone and PDL is different at the 
beginning right from day 1. Biological response is better at day 7 as compared to day 3 for 
PDL, but difference is not beyond the genetic variation. The expression pattern at day 3 and 
7 are similar but the biological response is better on day 7 and is beyond genetic variation 
(Figure 12). 
12.2.3.2 Conditional comparison 
Topographic comparison for the conditions showed that the clusters for day 3 and 7 
showed a distinct pattern. At 0 hour and day 1 the healing response is not beyond genetic 
variation for both alveolar bone and PDL in the delayed group as compare to the immediate 
group. Biological process in bone is more distinct. (Figure 13) 
12.3 Results of gene expression analysis 
12.3.1 Temporal comparison (favorable healing – 0 hour vs 1, 3 and 7 day; 
unfavorable healing- 0 hour vs 1, 3 and 7 day) 
The progression of healing was assessed for both the delayed (unfavorable) and 
Immediate (favorable) in a temporal sequence for day 1, 3 and 7 with reference to 0 hours 
(delayed and immediate) as the control. The differentially expressed genes with a log fold 
change of ± 1 were further classified based on expression as follows under each functional 
category: 
• Genes expressed on all 3 observation days i.e. day 1, 3 and 7. 
• Genes expressed on two observation days i.e. on day 1and 3, day 3 and 7, day 1 and 7.  
• Genes expressed on any one of the observation days i.e. day 1 or day 3 or day 7. 
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12.3.1.1 Periodontal ligament  
12.3.1.1.1 Immediate replantation (favorable condition) – 0 hour vs 1, 3 and 7 
day 
The progression of healing from 0 hour to day 1 3 and 7 in immediate PDL revealed 
differential expression of various group of genes involved in wound healing.  
Nine possible temporal comparisons were done between the 3 replicates in the PDL at the 
observation time period of day 1, 3 and 7 with 0 hr as reference (Figure 24, Chart 1). Those 
genes that showed a consistent pattern of expression were taken into further discussion and 
categorized into functional categories. The immediate replantation group (favorable 
condition) showed a differential expression of 9945 genes. About 95% were genes with no 
significant annotations. Out of the remaining 452 genes, 2 genes were up regulated on all 3 
days, 338 genes were up regulated and 35 genes were down regulated on day 3 and day 7, 
49 genes were up regulated 9 genes were down regulated on day 7, 16 genes were down 
regulated on day 3, 2 genes were up regulated and 1gene was down regulated on day 1 and 
7. 
Apoptosis: 
Apoptotic genes EBAG9 and BIRC5, BCL2-related were up regulated whereas 
BCL2- like 1 (BCL2L1) was down regulated on day 3 and 7.  Apoptosis in osteoblasts and 
periodontal ligament fibroblasts (PDL cells) is an important contributing factor to the defect in 
periodontal tissue repair in periodontal and periapical disease. Macrophages were a 
potential candidate cell for mediating apoptosis in osteoblasts and PDL cells 
(Thammasitboon et al 2006).  
Cell adhesion molecules: 
Cell adhesion molecules SELE, SELP, ICAM-1, VCAM1, LAMA3, DSG1, DSG3, 
VWF, DSC2 were up regulated on day 3 and day 7. AGC1 and LAMC2 was up regulated on 
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day 7. Cell adhesion molecules are essential in linking the ECM with the cytoskeleton and 
they are important in the regulation of proliferation, differentiation, apoptosis, and cell 
migration (Mussig et al., 2005). During inflammation they serve to enhance pairing between 
many less avid receptors and their ligands and transmit signals that direct specific effector 
function (Yildirium K et al, 2005). 
Immune response and immune regulation: 
Immune response gene MHC class I DLA-88 (DLA-88) was up regulated on all 3 
observation days. CCL2, CCL21, DLA-DQB1, MX1, FTH1, SAA were up regulated whereas 
CCL20 was down regulated on day 3 and 7. CCL3L3, CD3E, IL6, TLR2 were up regulated 
on day 7. IL8 and FTH1 was down regulated on day 3. Studies on oral wound healing have 
shown that expression of genes for chemokine ligands or receptors are important in 
leukocyte trafficking or inflammation. Notably, during the peak phase of wound healing, 
chemokine gene expression was up-regulated, suggesting an orchestrated process of 
chemokine-mediated recruitment or retention of lymphocytes and macrophages into wound 
areas, while simultaneously suppressing a potentially adverse inflammatory response. (Mc 
Grory K et al 2004).  
Cell cycle regulation (growth, differentiation and cell death) and stress response: 
Cell cycle regulation and stress response gene GPX1, TUBD, CDKN1A, SFRP2, 
ANPEP, TIMP1, CCND1, TGFB1, PTEN, F3, PDE6D, TPMT, CLU, DUOX1, SPINK5 were 
up regulated on day 3 and 7. PDPN was up regulated on day 7. 
Wound healing growth factors and Hormones 
TGFB1 and GHR were up regulated on day 3 and 7. PTHLH was up regulated on 
day 7. PTHrP plays an important role in local autocrine and/or paracrine regulation of cellular 
growth and function. These are also secreted by the fibroblast (Natio et al, 2002. Cros M et 
al, 2002). TGF-β1 is a multifunctional peptide that controls proliferation, differentiation, and 
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other functions in many cell types. It also acts as a negative autocrine growth factor. 
Dysregulation of TGF-β1 activation and signaling may result in apoptosis (Zalcman et al, 
2006). 
Transcription regulation 
Transcription regulation genes MDM2, AR, CREM, ZONAB, ZNF331HMGB1, 
BHLHB3, MSX2, ID3, MITF were up regulated were as NFKB1 was down regulated  on day 
3 and 7 in the immediate group. Studies have shown that MSX2 plays a central role in 
preventing ligament and tendon from mineralizing. It was shown that MSX2 expression is 
higher in the periodontal ligament and suppresses Runx2/Osf2 transcription actively and 
prevents formation of mineralized nodules (Tatsuya et al, 2004). Studies have also shown 
that HMGB1 also acts as angiogentic factor and is released from the necrotic cells. It has 
been shown that HMGB1 helps in endothelial cell sprouting and migration. (Schlueter et al, 
2005). RARA and NR4A1 were up regulated on day 7. 
Signal transduction and receptor molecules 
The network of intracellular signaling pathways determines the ability of a cell to 
sense and respond appropriately to adverse conditions. Such integrated signal transduction 
triggers proliferative, adaptive and survival responses or mediate cell death events 
(Martindale and Holbrook, 2002.) 
Signal transduction genes Ribosome receptor (P180), GNB1, Rod transducin 
(LOC403912), FZD6, ADRB2, CMKOR1, PTGER4, CDC42, RAC1, RHOA, GJB2 were up 
regulated and RHO was down regulated on day 3 and 7 in the delayed group GNA12, 
GNAS, GAL was down regulated on day 3. 
Extra cellular matrix and transport molecules: 
ECM and transport molecules which showed differential expression are Up 
Regulated on day 3 and 7 LMAN2, FXYD1, P2RX2, SLC6A6, UCP2, RAN, RAB2, STXBP2, 
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RAB10, RAB12, RAB22A member RAS oncogene family (RAB2), RAB7, RAB9, GLUT3, 
SLC35A3, ATP2B1, COL1A1, COL1A2, CLNS1A, FTL, SLC1A3, APOE, DLD, CAT Down 
regulated on day 3 and 7 AP3B1,ATP2B1 Down regulated on day 3 KCNB2, ADIPOQ 
During wound healing, cellular differentiation and regeneration is regulated by a vast 
array of ECM informational molecules (Pitaru et al, 1994.) and collagen is one of such key 
molecule. Collagen in most of the connective tissues is subject to continuous remodelling 
and turnover, a phenomenon which occurs under both physiological and pathological 
conditions (Everts et al, 1996.) Collagen type I is laid down by bone forming osteoblasts in 
organised parallel sheets or lamellae and subsequently the collagen chains become cross-
linked thereby imparting tensile strength to bone (Ralston et al, 1998). 
Metabolism and proteolysis: 
Metabolism genes SULT1A2, LYPLA3, CCS, SOD1, FUCA1, GLB1, GBGT1, GUSB, 
PYGL, PPP1CC, GALK1, ME1, PFKM, HRPT1, MSH2, POLB and proteolysis genes  CTSC, 
CTSD, CTSL2, CTSS, QPCT, Mastin (LOC448801), CASP4, PSMA7, USP11 were up 
regulated and ADAM10, REN, HSD11B2 were down regulated on day 3 and 7. MMP13, 
MMP2, MMP9, ALPL were up regulated on day 7. 
Protein biosynthesis, protein folding and protein targeting 
Ribosomal Proteins RPL13A, RPL19, RPL27, RPL29, RPL6, RPL7A, RPS11, 
RPS14, RPS17, RPS18, RPS3A, RPS4Y1, EEF1A1, EIF1, CANX, TRA1, COX17, HSPB1, 
PPIA, PPT1, UBA52, SEC11L1, SEC11L3, FGFR2, JAK1, PRKCD, GLUL, GSS, ATP5B, 
PTGS1, PTGS2, GUCY1B3, Non-metastatic cells 1, protein (NM23A) expressed in (NME1), 
Non-metastatic cells 2, protein (NM23A) expressed in (NME2), TGM1, DDOST, TUBG1, 
SMN2, RPLPO, SRP54, Sec61b, TRAM1, SEC61A1 were up regulated on day 3 and 7 in 
the immediate group. 
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BRACA2, NM23B expressed in (NME2), RAD51, FLT1, GNA11 were up regulated 
and SPCS2 was down regulated on day 7. 
12.3.1.1.2  Delayed replantation (unfavorable condition) – 0 hour vs 1, 3 and 7 
day 
The progression of healing from 0 hour to day 1 3 and 7 in delayed PDL revealed 
differential expression of various group of genes involved in wound healing.  
Nine possible temporal comparisons were done between the 3 replicates in the PDL at the 
observation time period of day 1, 3 and 7 with 0 hr as reference (Figure 25, Chart 2: Time 
line (temporal) comparison – Delayed replantation (Un Favorable) group). Those genes 
that showed a consistent pattern of expression were taken into further discussion and 
categorized into functional categories. The delayed replantation group (favorable condition) 
showed a differential expression of 9548 genes. About 97% were genes with no significant 
annotations. Out of the remaining 273 genes, 1 gene was down regulated on all 3 
observation days, 187 genes were up regulated and 22 genes were down regulated on day 
3 and day 7, 24 genes were up regulated and 5 genes were down regulated on day 7, 28 
genes were up regulated and 7 genes were down regulated on day 3. 
Apoptosis: 
Apoptotic genes EBAG9, BIRC5, MCL1 were up regulated and BCL2L1 was down 
regulated on day 3 and 7 in the delayed group. PSEN1 was up regulated on day 3 and CD40 
was up regulated on day 7. PSEN1 is a negative regulator of β-catenin that has cell growth 
promoting activity in the endothelial cell lineage by an activation of Cyclin D1 and 
accelerated entry into the S phase of cell cycle; it affects both fibroblasts and keratiocytes. 
(Sariano S et al 2001, Nakajima M et al 2006). In the delayed group there is a up regulation 
of PSEN1 and absence of Cyclin D1 expression in contrast to the immediate group where 
there is an upregulation of Cyclin D1 and absence of PSEN1 suggesting a possible role of 
this gene in the unfavorable out come seen in the delayed replanted group. 
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Cell adhesion molecules: 
CD34, SELE, SELP, ICAM-1, VCAM1, LAMA3, VWF, DSC2 were up regulated on 
day 3 and 7. DSG1 and Desmoglein 3 were up regulated on day 3 AGC1, ITGB2 were up 
regulated and VEGF, PTEN, F3 were down regulated on day 7 in the delayed group.  
Immune response and immune regulation: 
Immune response genes and cytokines CCL2, IL8, SAA, FN1, TLR2, CCL21, DLA88, 
DLA-DQB1, MX2, FTH1, HAMP, and DUOX1 were up regulated and CCL20 was down 
regulated on day 3 and 7. CCL19, IL1RN was up regulated and SAA was down regulated on 
day 3. CCL5, CCL4 were up regulated on day 7. 
Cell cycle regulation (growth, differentiation and cell death) and stress response: 
Cell cycle regulation genes CDKN1A, TUBD, SFRP2, SPINK5, ANPEP, TIMP1.and 
stress response genes GPX1, CLU were up regulated on day 3 and 7. INVS was up 
regulated on day 3. PTEN was up regulated and MST1R was down regulated on day 7. 
Wound healing growth factors and hormones 
PTHLH, PDE6D and TGFB1 was up regulated on day 3 and 7 in the delayed group. 
VEGF was up regulated on day 7. VEGF glycosylated mitogen that specifically acts on 
endothelial cells and has various effects, including mediating increased vascular 
permeability, inducing angiogenesis, vasculogenesis and endothelial cell growth, promoting 
cell migration, and inhibiting apoptosis. Studies have show that under stress human 
periodontal ligament shows increased expression of VGEF mRNA thus contributing to 
angiogenesis (Yoshino et al, 2003). 
Transcription regulation 
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HMGA1 was down regulated on all 3 days. AR, CREM, PNN, ZONAB, ZNF331, 
NFKB1, HMGB1, BHLHB3, ID3, MIFT, MDM2, MSX2 were up regulated on day 3 and 7 in 
the delayed group. NR4A1 was up regulated on day 7. 
Signal transduction and receptor molecules: 
Ribosome receptor (P180), Rod transducin (LOC403912), FZD6, HTR7, CMKOR1, 
PTGER4, CDC42, RAC1, RHOA were up regulated and GNAS, RHO was down regulated 
on day 3 and 7. TRAM1, GNGT2 was up regulated GAL, SPCS2 was down regulated on day 
7. ADRB2 and HRAS, GHR were up regulated and AVPR2 was down regulated on day 3 in 
the delayed group. 
Extra cellular matrix and transport molecules: 
Extra cellular matrix and transport molecules down regulated on day 3 and 7 DLD, CAT, 
LMAN2, FXYD1, P2RX4, ATP6V0, SLC6A6, UCP2, RAN, STXBP2, RAB10, RAB12, 
RAB22A, RAB7, RAB9A, GLUT3, ATP2B1, ATP1A1, COL1A1, COL1A2, CLCN3, CLNS1A, 
FTL, SLC1A3, APOE, SLC35A1 were up regulated and KCNB2, ATP2A2, APOC3, AP3B1. 
Up regulated on day 3 GDI2, CYBIIB11, DHDH. Down regulated on day 3 ADIPOQ Down 
regulated Day 7 TSCOT, RAB2, SLC2A3, APP, ATP2B1 
 
Metabolism and proteolysis: 
Metabolism and proteolysis genes down regulated on day 3 and 7 FUCA1, GLB1, 
GBGT1, GUSB, PYGL, PPP1CA, GALK1, ME1, PFKM, HPRT1, GUCY1B3, NME1, MSH2, 
POLB, GLUL, CCS, SOD1, SULT1A2, LYPLA3, TPMT, CTSC, CTSD, CTSL2, CTSS, 
QPCT, CASP4, PSMA7, USP11, MMP2, ADAM10, HSD11B2 Up regulated on day 3 CMA1, 
ATP12 A, SGSH, NPC1, CCS, UOX. Up regulated on day 7 CUBN, ALPL, PLA2G7. 
Protein biosynthesis, protein folding and protein targeting 
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Protein biosynthesis, protein folding and protein targeting genes down regulated on 
day 3 and 7 ATP5B, Ribosomal Proteins RPL13A, RPL19, RPL27, RPL29, RPL6, RPL7A, 
RPS11, RPS14, RPS17, RPS18, RPS3A, EEF1A1, E1F1, CANX, TRA1, COX17, HSPB1, 
PPLA, PPT1, UBA52, SPCS3, SEC11L1, SEC11L3, FGFR2, JAK1, PRKCD, GNA11, GSS, 
PTGS1, RPLO, DDOST, TUBG1, SMN2, CTSC, CTSD, CTSL2, CTSS, QPCT, CASP4, 
PSMA7, USP11, MMP2, SRP54, TRAM1, SEC61A1 HSP70, EGFR, PRKACA, ADAM10, 
REN. Up regulated on day 3 PTGS2, FTL1, GLUL, NME2 Up regulated on day 7 BRCA2, 
EGFR), TGM1, EPB41 
12.3.1.2 Alveolar bone 
12.3.1.2.1 Immediate replantation (favorable condition) – 0 hour vs 1, 3 and 7 
day 
The progression of healing from 0 hour to day 1 3 and 7 in alveolar bone of the 
immediate group revealed differential expression of various group of genes involved in 
wound healing. 
Nine possible temporal comparisons were done between the 3 replicates in the PDL 
at the observation time period of day 1, 3 and 7 with 0 hour as reference (Figure 26, Chart 
1). Those genes that showed a consistent pattern of expression were taken into further 
discussion and categorized into functional categories. The immediate replantation group 
(favorable condition) showed a differential expression of 3112 genes. About 97% were 
genes with no significant annotations. Out of the remaining 122 genes, 4 genes was up 
regulated and 1 gene was down regulated on all 3 observation days, 4 genes were up 
regulated and 2 genes were down regulated on day 1and 3, 11 genes were up regulated and 
10 genes were down regulated on day 3 and 7, 10 genes were up regulated and 1 gene was 
down regulated on day 1 and 7. 17 genes were up regulated and 1 gene was down 
regulated on day 1, 14 genes were up regulated and 5 genes were down regulated on day 3. 
14 genes were up regulated and 28 down regulated on day 7.  
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Apoptosis: 
Apoptotic gene MCL1 was up regulated on day 1 and 3 in the immediate group 
BCL2, EBAG9 was down regulated on day 3 and 7 BIRC5 was up regulated on day 7. 
Cell adhesion molecules: 
VCAM1 was up regulated on day 3 and 7. SELP and B-2 integrin were up regulated 
on day 1. VWF was up regulated on day 3. SELE and Desmoglein 1 were down regulated on 
day 7. 
Immune response and immune regulation: 
FTH1, DLQ-DQB1 were up regulated on all 3 days. CCL20, EEF1A1, VEGF and 
PDE6D were found to be down regulated on day 3 and 7. Cytokine IL8 was up regulated and 
MHC class I DLA-88 was found to be down regulated on day 1 and 7. C5R1, IL6, TLR2 was 
found up regulated on day 1. CCL21, IL1RN was found up regulated on day 3. MX1, MX2 
was up regulated on day 7 and MHC class I DLA-88(dla-88) and NPC1 were found down 
regulated on day 7. 
Cell cycle regulation (growth, differentiation and cell death) and stress response: 
TIMP1 was found up regulated on day 1 and 7. CLU, SPINL5 were regulated on day 
7. CCND1 and SFRP2 were up regulated on day 3. SFRP2 and PPP2CA were found down 
regulated on day 7. Stress response gene GPX1 was up regulated on day 3. 
Wound healing, growth factors and hormones 
FN1 was up regulated and TSHR was down regulated on all 3 days. PTHLH was 
down regulated on day 1 and 3. TGFB1 was down regulated on day 7. 
Transcription regulation 
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Transcription regulation genes MSX2 was down regulated on day 1 and 3 MYC was 
down regulated on day 3 and 7, ZNF331 were down regulated on day 1, MDM2 and ZONAB 
were down regulated on day 7. 
Signal transduction and receptor molecules: 
CDC42 was up regulated on day 3 and 7, P180 was up regulated on day 1 and 7, 
GNB1 were up regulated on day 1, GNA12 were up regulated and RHOA were down 
regulated on day 7. 
Extra cellular matrix and transport molecules: 
ATP12A, was up regulated on all 3 days. RAB11A, ATP1B1, UCP2, ATP2B1, FTL 
were found regulated on day 3 and 7. TSCOT and ATP2A2 were up regulated on day 1. 
SLC35A3, ATP2B1, SLC1A1, clcn3 were up regulated and CYP11B11 and COL1A1 were 
down regulated on day 3. FXYD1, COL1A1, SLC1A3 were up regulated and GD12, CAT, 
RAN, RAB12, RAB22A, RAB7, RAB9A were down regulated on day 7. 
Metabolism and proteolysis: 
GLUL was found up regulated on all 3 days. CA6 was up regulated on day 1 and 3. 
SEC11L3 were down regulated on day 3 and 7. CTSD, CTSS, UOX, MMP13, MMP9 were 
up regulated on day 1 and 7. QPCT was up regulated on day 1.  Mastin (LOC448801), 
SOD1, PYGL were up regulated, CCS was down regulated on day 3. PYGL was up 
regulated o day 7. 
Protein biosynthesis, protein folding and protein targeting 
TGM1 was up regulated on all 3 days. Ribosomal Protein RPS11, RPL6 were up 
regulated and EEF1A1 was down regulated on day 3 and 7. TRA1 was up regulated on day 
1, NME2 was up regulated and TRAM1 was down regulated on day 3. COX17, MST1R, 
  
12, Results & Discussion 
__________________________________________________________________________________________ 
                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 95 
GNA11, DDOST were up regulated and Ribosomal Protein RPS3A, RPS4, EEF1A1, HSP70, 
PPT1, SPCS2, ATP5B, SRP54, TRAM1 were down regulated on day 7. 
12.3.1.2.2 Delayed replantation (unfavorable condition) – 0 hour vs 1, 3 and 7 
day 
The progression of healing from 0 hour to day 1 3 and 7 in delayed Alveolar Bone 
revealed differential expression of various group of genes involved in wound healing. Nine 
possible temporal comparisons were done between the 3 replicates in the PDL at the 
observation time period of day 1, 3 and 7 with 0 hr as reference (Figure 27, Chart 1). Those 
genes that showed a consistent pattern of expression were taken into further discussion and 
categorized into functional categories. The delayed replantation group (unfavorable 
condition) showed a differential expression of 3424 genes. About 96% were genes with no 
significant annotations. Out of the remaining 122 genes, 9 genes were up regulated and 8 
gene were down regulated on all 3 observation days, 2 genes were up regulated and 5 
genes were down regulated on day 1and 3, 22 genes were up regulated and 14 genes were 
down regulated on day 3 and 7, 4 genes were up regulated on day 1 and 7.  6 genes were 
up regulated and 3 gene was down regulated on day 1, 11 genes were up regulated and 4 
genes were down regulated on day 3. 12 genes were up regulated and 16 down regulated 
on day 7.  
Apoptosis: 
Apoptotic gene MCL1 was down regulated on day 3 and 7. BCL2 was down 
regulated on day 7 and BIRC5 was up regulated on day 3. 
Cell adhesion molecules: 
Cell adhesion molecules genes were down regulated. VWF was down regulated on 
all 3 days. ICAM1 and SELE were down regulated on day 1 and 3. DGS1 and DSC2 were 
down regulated on day 7. 
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Immune response and immune regulation: 
IL8, MX1 were up regulated on all 3 days. CCL21, MHC class I DLA-88 (dla88), 
FTH1, CCL2 were up regulated and IL6, PPP2CA were down regulated on day 3 and 7. 
TLR2, SAA were up regulated on day 1. CCL19 and DLA-DQB1 were up regulated on day 3.  
Cell cycle regulation (growth, differentiation and cell death) and stress response: 
TIMP1 was up regulated on all 3 days. CLU was up regulated on day 1 and 3. GPX1, 
SFRP2 were up regulated on day 3 and 7. CDKN1A was down regulated on day 1 and 
Cyclin D1 was upregulated on day 7.  
Wound healing, growth factors and hormones 
FN1 was up regulated VEGF was down regulated on all 3 days. TGFB1 and PTHLH 
were up regulated on day 3. 
Transcription regulation 
NR4A1, TFAP2B, MYC, E1F1 were down regulated on all 3 days, MDM2, SMN2 
were down regulated on day 1 and 3. GNA12, CDC42, ID3, HMGB1 were up regulated on 
day 3 and 7. ZNF331 was up regulated and ZONABA, NFKB1 were down regulated on day 
7. MITF, TCF4 were up regulated and NR4A1 was down regulated on day 3. 
Signal transduction and receptor molecules: 
GHR, ADRB2, TSHR were down regulated on 3 all days. CMKOR1 was up regulated 
and EGFR was down regulated on day 1. MST1R was up regulated and FZD6 was down 
regulated on day 7. 
Extra cellular matrix and transport Molecules: 
Sec61b, ATP12A, ATP2B1 were up regulated and RAB9A, RAB22A, RAB22A, 
RAB7, GLUT3, GD12, TRAM1 were down regulated on day 3 and 7. SLC1A1, CYP11B11, 
COL1A1 were up regulated on day 1 and 7.  
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ATP1B1, FXYD1, UCP2, SLC35A3, KCNB2 were up regulated and RAB12 and 
NPC1 were down regulated on 7. FTL, APP, AP3B1 were down regulated on day 3. 
Metabolism and proteolysis: 
UOX, GLUL were up regulated on all 3 days. CTSS was up regulated on day 1 and 
3. Mastin (LOC448801) was up regulated and CTSL2 was down regulated on day 3 and 7. 
ME1 was up regulated on day 1 and 7. MMP13, MMP9, PPT1 were up regulated on day 1. 
PYGL, CYP3A12, CA6 were up regulated and PPP1CA, HPRT1, POLB, CTSC were down 
regulated on day 7. 
Protein biosynthesis, protein folding and protein targeting 
TGM1, DDOST were up regulated on all 3 days. HSP70 was down regulated on day 
1 and 3. GUCY1B3, Ribosomal Protein RPL27, RPL6, RPL29, RPL7A, RPS11, COX17, 
UBA52 were up regulated and RPS4, EEF1A1, SEC11L1, ATP5B were down regulated on 
day 3 and 7.  
RPLP0 was down regulated on day 1, RPS3A, FGFR2, TRAM1, SEC61G were down 
regulated on day 7. PPIA, SRP14 were up regulated on day 3. 
12.3.2 Conditional comparison 
Comparison between the two conditions that is the immediate and delayed 
replantation will indicate the genes which are differentially expressed in the delayed 
replanted group (unfavorable healing group). 
12.3.2.1 Alveolar bone: immediate vs delayed (favorable vs unfavorable healing) 
Nine possible condition comparisons were made between the 3 replicates for each 
observation time points i.e. 0 hr, 1 day, 3 day ad 7 day (Chart 3: Conditional comparison – 
Delayed/ Immediate). Genes that showed a consistent pattern of expression along all the 
nine replicates for each time point were taken into further discussion and categorized into 
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functional categories for both the up and down regulated genes and were visualized in a 
heat map. (Figure 14), In conditional comparison (Del/ Imm) for alveolar bone, 1759 genes 
were differentially expressed. These differentially expressed genes were classified as up and 
down regulated by the selecting genes with a log fold change of ± 1. (Figure 15, Figure 16, 
Figure 17, Figure 18)  
 
Differentially expressed genes 
above ±2 fold changes(log 2±1) 
Differentially expressed genes 
having annotation and function Observation Period Up regulated Down regulated Up regulated Down regulated 
0- Hour 158 258 9 11 
1 Day 258 561 7 36 
3 Day 266 348 20 13 
7 Day 110 238 10 11 
 
In the delayed replanted group, at all observation time points, it was observed that among 
differentially expressed genes, there were more down regulation of genes than up 
regulation. This may be due to the 60 minutes delay in replanting the teeth, which might 
have an influence on the alveolar socket environment. The differentially expressed genes 
were categorized under the following functional categories. 
Apoptosis: 
At 0 hour, Myeloid cell leukemia sequence 1 (MCL1) was up-regulated in the delayed 
group (Unfavorable). MCL1 is a member of the prosurvival Bcl2 family that constitutes a 
crucial regulatory point in the mitochondrial pathway leading to apoptosis in a wide variety of 
tissues (Adams and Cory, 1998. Mori M et al, 2004) and Bcl-2 family proteins possess a 
unique feature of hetero-dimerization between anti- and pro-apoptotic members, which is 
believed to silence the biological activity of their partners. The antagonistic machineries of 
many pro- and anti-apoptosis factors are essential to prevent erroneous triggering of death 
or proliferation. Distribution and expression levels of the individual members are cell, tissue, 
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and differentiation stage specific, permitting highly selective activation of the cell death 
program in development and disease (Matsuzawa et al 2001, Mori et al 2004). 
Cell adhesion molecules: 
Cell adhesion molecules are essential in linking the ECM with the cytoskeleton and 
they are important in the regulation of proliferation, differentiation, apoptosis, and cell 
migration (Mussig et al., 2005). During inflammation they serve to enhance pairing between 
many less avid receptors and their ligands and transmit signals that direct specific effector 
function (Yildirium et al, 2005). Intercellular adhesion molecule-1 (ICMA-1) was up regulated 
at 0 hour and day 3 and was down regulated on day 1. No expression was seen on day 7. 
Evidences from experimental models of inflammation indicate that absence of ICAM-1 
expression reduces leukocyte recruitment into sites of inflammation (Steeber et al., 1999). 
Consistent to this finding, many inflammatory genes were up-regulated at 0 hour and 3 day 
observation but down-regulated in 1 day observation in delayed bone (Unfavorable). Other 
cell adhesion molecules such as B2-Integrin, fibronectin1, (FN1) selectin P (SELP) were 
down-regulated in 1 day observation in delayed bone (unfavorable). Selectin E, β2Integrin 
are important molecules for neutrophil function playing roles in cell activation, homing and 
phagocytosis. In constitutively adherent cells, integrins play a critical role in supporting 
growth and survival; β2- Integrin engagement can both delay and enhance apoptosis in the 
same cell depending on the activation state of the integrin and the presence of proapoptotic 
stimuli (Nagahata et al, 2004). Activation of β2 Integrin helps in resolution of immune 
response by regulating the population of leukocytes by apoptosis, a down regulation of this 
factor on day1 can be perceived as a reason for the persistence of immune response and up 
regualtion of inflammatory and immune response gene seen on day 3 and 7 in the delayed 
group (Nagahata et al, 2004.  Whitlock BB, 2000). Selectin P is a member of the selectin 
family found in platelets and endothelial cells and facilitates adhesion of platelets to 
neutrophils and promotes vascular inflammation via leukocytes activation. Its expression is 
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seen during acute phases of ischemic condition which facilities cell survival. Down 
regulations of these molecules on day 1 in the delayed group may be suggestive of the 
decreased cell survival rate due to 60 minutes of dry periods (Kasuya et al 2006). E-selectin 
is expressed on cytokine activated endothelial cells and contributes to the adhesion of 
resting leukocytes to the endothelium. Increased expression is seen in conditions involving 
leukocyte/endothelial cells such as infection suggesting both immune and endothelial 
activation (Yildirium K, 2005). 
Immune response and immune regulation: 
The Major histocompatibility complex (MHC) gene MHC Class I and MHC Class II 
DLA- alpha and beta chain were down regulated at 0 hour and day 1 followed by  up 
regulation on day 3 and day 7. The MHC is a tightly linked cluster of genes encoding 
proteins that are essential for the establishment and regulation of immune response in most 
vertebrates. The class II molecule is a heterodimer consisting of an alpha (DRA) and a beta 
chain (DRB), both anchored in the membrane. It plays a central role in the immune system 
by presenting peptides derived from extra cellular proteins. Class II molecules are expressed 
in antigen presenting cells (APC: T lymphocytes, dendritic cells, macrophages). The class I 
molecule is a heterodimer consisting of a heavy chain and a light chain (beta-2 
microglobulin). Class I molecules play a central role in the immune system by presenting 
peptides derived from the endoplasmic reticulum lumen. They are expressed in nearly all 
cells. (Debenham et al, 2005). Studies have show that the activation of CD4 helper T-
lymphocytes is specifically associated with the binding of a foreign antigen with the 
autologous MHC molecules. In our study the expression of MHC class of genes may be 
associated with degenerative changes in PDL cells due to the 60 minutes of dry periods in 
the delayed group (Unfavorable) which may serve as antigens to stimulate the bone cells to 
produce MHC genes (Cornelia WM et al 1992) Myxovirus resistance1 (MX1) molecules were 
up regulated on day 1 and day 3 in the delayed (Unfavorable) group.  MX1 is an interferon- 
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alpha / beta (IFN-alpha/beta)-inducible protein that accelerates cell death induced by 
apoptotic stimuli. These are good biomarkers and their presence is an indicator of continued 
apoptotic activity. (Numajiri et al 2006, Gilli et al 2006).  The expression of this molecule is 
seen after the induction of an apoptotic signal on day 1 i.e. myeloid cell leukemia sequence 
1 (MCL1) in the unfavorable group indicating the continued cascade of cell death. 
Chemokine (C-C motif) ligand 2, (CCL2) which is a chemoattractant for monocytes 
into the site of inflammation, was up-regulated on day 3 and down regulated on day 7. 
Moreover, the recruitment of immune cells into the site of inflammation is aided by the up-
regulation of ICAM-1, a cell-surface ligand involved in leukocyte adhesion and inflammation 
on day 3. Its production is induced by gamma-interferon and it is required for neutrophil 
migration into inflamed tissue (Steeber et al 1999).  
CC chemokine ligand 21 (CCL21) was up regulated on day 7 and chemokine (C-C 
motif) ligand 19 (CCL19) was up regulated on day 3. These cytokines are a family of 
secreted proteins involved in immunoregulatory and inflammatory processes. Similar to other 
chemokines the protein encoded by this gene inhibits hemopoiesis and stimulates 
chemotaxis. This protein is chemotactic in vitro for thymocytes and activated T cells, but not 
for B cells, macrophages, or neutrophils. The cytokine encoded by this gene may also play a 
role in mediating homing of lymphocytes to secondary lymphoid organs. It is a high affinity 
functional ligand for chemokine receptor 7 (CCR7) that is expressed on T and B 
lymphocytes and a known receptor for another member of the cytokine family.  Their 
induction into the inflammatory response may be due the expression of MHC Class I and II 
molecules. (Carlsen et al, 2005. Malin et al, 2006).  
The infiltration of monocytes and other immune cells such as T-cells produce pro-
inlammatory molecules such as, interleukin 6 (IL-6) and IL-8. IL-6 stimulates the growth and 
differentiation of B-lymphocytes. In our study, IL-6 and IL-8 expression seems to be in line 
with the experimental findings by Andreasen JO (1994).  Human osteoblasts produce IL-6 
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and respond to IL-6 in the presence of soluble IL-6 receptors. Studies have shown a strong 
co-relation between IL-6 levels and bone resorption. It has different effects depeding on 
which type of bone cell is targeted, depending upon the signaling mechanism in the 
osteoblasts it is capable of promoting osteoblast differentiation and osteoclast activation 
(Vermes et al, 2002). On the otherhand, the chemokine and cytokine expression of these 
genes were reduced on day 1. These down regulated genes such as ICAM-1, FN1, β2-
Integrin and selectin P, have been found to play a crucial role in the recruitment of immune 
cell into the site of tissue damage (Mussig et al., 2005, Steeber et al., 1999, Bartold and 
Narayan, 1998). 
Ferritin heavy polypeptide 1 (FTH1) is down regulated on day 1 followed by up 
regulation on day 3. FTH1 is the major intracellular iron storage protein in prokaryotes and 
eukaryotes. Iron has important immunoregulatory properties; iron excess may alter the 
immune balance in favor of infectious organisms and bacterial pathogens that use iron as a 
growth factor may show increased replication and dissemination. Increased expression of 
ferritin may be explained by the fact that due to the inflammatory response there is an 
increased recruitment of neutrophils (neutrophilia) to the site of trauma providing a platform 
for increased incorporation of hemosiderin (ferritn) in the blood. (Roberts et al, 2005).  
Serum amyloid A protein (SAA) was up regulated on day 3. SAA, is a plasma 
precursor of reactive amyloid fibrils and a sensitive acute phase reactant. (Yamada T, 2006). 
During acute inflammation cytokines (IL-6, IL-1 and IL-8) or a combination of these released 
by different cells monocytes, fibroblasts and endothelial cells stimulate transcription of SAA 
in extra –hepatic tissue. The function of SAA is mainly to counteract the side effect of 
inflammation. SAA binds to bacterial lipopolysaccharide (LPS) and other lipids, causing 
detoxification and inhibition of the oxidative burst of neutrophils. It also plays a role to induce 
collagenase (Shoshana et al, 1995).  
Cell cycle regulation (growth, differentiation and cell death) and stress response: 
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Glutathione peroxidase 1 (GPX1) was found to be down regulated on day 1 in the 
delayed (unfavorable group) on bone. This gene encodes a member of the glutathione 
peroxidase family. Glutathione peroxidase functions in the detoxification of hydrogen 
peroxide, and is one of the most important antioxidant enzymes in humans. It has been 
reported that the protein encoded by this gene protects from CD95-induced apoptosis and 
inhibits 5-lipoxygenase in blood cells and its overexpression delays endothelial cell growth 
and increases resistance to toxic challenges. The low level of expression of GPX1 and up 
regulation of MCL1, a member of the prosurvival Bcl2 family is indication of decreased 
apoptotic activity in the delayed bone induced by reactive oxygen species. (Karine et al, 
2005).  
Podoplanin (PDPN) was found to be up regulated on day 3. PDPN is a membrane 
bound glycoprotein shown to be important for the formation of cell surface protrusion and to 
promote migration and adhesion. It is induced during inflammation and wound healing to 
promote morphological conversion of the fibroblasts (Anna et al, 2006. Gandarillas et al, 
1997). 
Clusterin (CLU) was up regulated on day 3.  CLU is a secreted glycoprotein that is 
differentially regulated depending on the stimuli in several patho-physiological processes 
and is invariably induced during apoptosis. It is also involved in cell adhesion, transformation 
and aging.  In a heat shock response, CLU is considered a stress –inducible, pro-survival/ 
cyto-protective factor (antiapoptotic). An apoptotic stimulus induces nuclear localization of 
CLU.  Its expression and / sub cellular localization is strictly related to cell fate (Caccamo et 
al, 2006). Expression of CLU is also seen in association with other anti-apoptotic members 
like Bcl2 which is also found to be up regulated in our study (Redondo et al, 2006). 
Protein Phosphatase 2 catalytic subunit alpha isoform (PPP2CA) is down regulated 
on day 1 and day 3. The product of this gene belongs to the phosphatase 2 regulatory 
subunit B family. Protein phosphatase 2 is one of the four major Ser/Thr phosphatases, and 
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it is implicated in the negative control of cell growth and division. A tight control of kinases 
and phosphatse activity is fundamental in normal cell growth, survival and differentiation. 
PP2A activation results in growth suppression, enhanced apoptosis, restored differentiation, 
impaired clonogenic potential and decreased in vivo leukemogenesis which are properties 
needed  for  selective suppression of uncontrolled cellular activity seen in tumors. (A down 
regualtion of PPP2CA in our study and the up regulation of factors like TGF-β1 which 
promote the proliferation of osteogenic cell types resulting may be a possible reason for 
ankylosis /tooth resorption seen in the delayed group (Paolo et al, 2005). 
Phosphatase and Tensin homolog (PTEN) was down regulated on day 1. PTEN 
homologue is a dual specificity phosphatase that has an activity towards both 
phosphorylated peptides and phospholipids. It is a tumor suppressor gene and its pro 
apoptotic function has been linked to its capacity to antagonize the activation of Akt, the 
downstream effector of PI 3-kinase, which is integral to cell proliferation, migration, survival 
and angiogenesis essential for tissue injury healing. Down regulation of this gene may 
results in uncontrolled proliferation of a particular cell type (Osteogenic in our study). (Kouji 
et al, 2006).  
Cyclin D1 (CCND1) is down regulated on day 3. Cyclins function as regulators of 
CDK kinases. Different cyclins exhibit distinct expression and degradation patterns which 
contribute to the temporal coordination of each mitotic event. Mutations, amplification and 
overexpression of this gene, which alters cell cycle progression, are observed frequently in a 
variety of tumors and may contribute to tumor genesis. CCND1 is a critical regulator in 
progression of the cell cycle, specifically through the G1 phase and entry into S phase. 
CCND1 expression is thus necessary for cell proliferation. CCND1 is pro fibrogenic and 
stimulates growth and proliferation of fibroblasts. (Watts et al, 2006). Down regulation of this 
factor in the delayed group may be a possible reason for the poor healing response by the 
periodontal ligament due to inability of the fibroblasts to proliferate. 
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TIMP metallopeptidase inhibitor- 1(TIMP1) is down regulated on day 1 and day 7. 
The proteins encoded by this gene family are natural inhibitors of the matrix 
metalloproteinases (MMPs), a group of peptidases involved in degradation of the 
extracellular matrix. In addition to its inhibitory role against most of the known MMPs, the 
encoded protein is able to promote cell proliferation in a wide range of cell types, and may 
also have an anti-apoptotic function. TIMP-1 is shown to arrest growth of certain epithelial 
cell types by inducing cell cycle arrest at G1. TIMP-1 mediated cell cycle arrest is associated 
with its down regulation of CCND1 (also down regulated in delayed group). Studies have 
shown that TIMP-1 is accumulated in the nuclei of human gingival fibroblast in a cell cycle 
dependent manner, suggesting a possible role in cell growth and proliferation. (Guo et al, 
2006. Taube et al, 2006). 
Wound healing growth factors and hormones 
Parathyroid hormone-like hormone (PTHLH) was down regulated at 0 hour and day 
7. The protein encoded by this gene is a member of the parathyroid hormone family. This 
hormone regulates endochondral bone development and epithelial-mesenchymal 
interactions during formation of the mammary glands and teeth. Parathyroid hormone (PTH)-
related peptide (PTHLH) plays an important role in local autocrine and/or paracrine 
regulation of cellular growth and function. These are also secreted by the fibroblast. Down 
regualtion may be suggestive of decreased fibroblast activity in the delayed group (Natio et 
al, 2002. Cros et al, 2002). 
Transforming growth factor, beta 1(TGF-β1) was up regulated on day 3. TGF-β1 is a 
multifunctional peptide that controls proliferation, differentiation, and other functions in many 
cell types. It also acts as a negative autocrine growth factor. Dysregulation of TGF-β1 
activation and signaling may result in apoptosis. After injury, fibroblasts, inflammatory, 
endothelial, and epithelial cells produce various growth factors and cytokines including TGF-
β1. It exerts a wide spectrum of biological functions contributing to wound repair. TGF-β1 is 
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known to modulate the composition of the provisional matrix over which the epithelial cell 
migrates and to trigger behavioral changes in epithelial cells involved in wound repair. TGF-
β1 also regulates the synthesis of certain matrix metalloproteinases. In our study we found 
that Matrix metallopeptidase 3 (MMP3) was also up regulated on day 3. MMP3 form a family 
of zinc –dependent endopeptidases that are able to degrade the various macromolecular 
components of the extra cellular matrix (ECM). These hydrolyze denatured collagen and 
play an important role in physiological tissue remodeling process, such as wound repair and 
organogenesis. (Zalcman et al, 2006). Studies on the role of TGF-β1 on the periodontal 
repair have shown that it increases the levels of Secreted protein, acidic and rich in cytokine 
(SPARC/ Osteonectin). SPARC is localized in the periodontal ligament and regulates 
proliferation and synthesis of bone-related protein. It is also present in the cementum and 
bone. SPARC plays a role in the initiation of mineralization and has an apparent role in 
regeneration and repair of periodontal tissue (Tsuyoshi et al, 2004). Increase expression of 
TGF-β1in the delayed (unfavorable) group may be a contributing factor to the occurrence of 
ankylosis /replacement resorption in the avulsion model as reported earlier. 
Transcription regulation 
Msh homeo box homolog 2 (MSX2) was up regulated on day 1 and day 3. The 
encoded protein is a transcriptional repressor whose normal activity may establish a balance 
between survival and apoptosis of neural crest-derived cells required for proper craniofacial 
morphogenesis. The encoded protein may also have a role in promoting cell growth under 
certain conditions and may be an important target for the RAS signaling pathways. Studies 
have shown that MSX2 plays a central role in preventing ligament and tendon from 
mineralizing. It was shown that MSX2 expression is higher in the periodontal ligament and 
suppresses Runx2/Osf2 transcription actively and prevents formation of mineralized nodules 
(Tatsuya et al, 2004).  
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Mdm2, transformed 3T3 cell double minute 2, p53 binding protein (MDM2) was up 
regulated at 0 Hours. Overexpression of this gene can result in excessive inactivation of 
tumor protein p53, diminishing its tumor suppressor function. This protein has E3 ubiquitin 
ligase activity, which targets tumor protein p53 for proteasomal degradation. This protein 
also affects the cell cycle, apoptosis, and tumorigenesis through interactions with other 
proteins (Ohkubo S et al, 2006). MDM2 mediated inhibition of p53 function is a prerequisite 
for Runx2 activation, osteoblast differentiation, and proper skeletal formation (Lengner et al 
2006)  
High-mobility group box 1(HMGB1) was down regulated at 0 hour. HMGB1 is 
identified as a proinflammatory cytokine that mediates endotoxin lethality, local inflammation, 
and macrophage activation. HMGB1 is released by activated macrophages and monocytes 
after exposure to LPS, TNF-α or IL-1β and as a result of tissue damage. Its release in the 
site of cell injury or damage plays a role in the initiation and/ or perpetuation of an immune 
response. (Messmer et al, 2004. Hariss et al, 2004). Studies have also shown that HMGB1 
also acts as angiogentic factor and is released from the necrotic cells. It has been shown 
that HMGB1 helps in endothelial cell sprouting and migration. (Schlueter et al, 2005). 
Signal transduction and receptor molecules 
The network of intracellular signaling pathways determines the ability of a cell to 
sense and respond appropriately to adverse conditions. Such integrated signal transduction 
triggers proliferative, adaptive and survival responses or mediate cell death events 
(Martindale and Holbrook, 2002.) 
Adrenergic, beta-2-, receptor, surface (ADR-β2) was up regulated at 0 hour and 1 
day. This gene encodes beta-2-adrenergic receptor which is a member of the G protein-
coupled receptor superfamily. This receptor is directly associated with one of its ultimate 
effectors, the class C L-type calcium channel Ca (V) 1.2. This receptor-channel complex also 
contains a G protein, an adenylyl cyclase, cAMP-dependent kinase, and the 
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counterbalancing phosphatase, PP2A. The assembly of the signaling complex provides a 
mechanism that ensures specific and rapid signaling by this G protein-coupled receptor. 
ADR-β2 is a primary target for epinephrine. It plays a critical role in mediating physiological 
and psychological response to stress (Diatchenko et al, 2006). 
Chemokine orphan receptor 1(CMKOR1) was down regulated at 0 hour and day 1. 
The protein encoded by this gene is a member of the G protein-coupled receptor family, and 
is a receptor for C-C type chemokines. This receptor has been shown to bind dendritic cell- 
and T cell-activated chemokines. Their role has also being suggested in facilitating biological 
functions like proliferation, apoptosis, immune cell activation and degranulation, 
angiogenesis, metastasis, neuronal function and development.  Further they also facilitate 
leukocyte extravasation by directing chemokine transcytosis. (Townson et al, 2002). 
Chemokine (C-C motif) receptor 5 (CCR5) was up regulated on day 3. This gene 
encodes a member of the beta chemokine receptor family, which is predicted to be a seven 
transmembrane protein similar to G protein-coupled receptors. This protein is expressed by 
T cells and macrophages, and is known to be an important co-receptor for macrophage-
tropic virus, including HIV, to enter host cells. The ligands of this receptor include monocyte 
chemoattractant protein 2 (MCP-2), macrophage inflammatory protein 1 alpha (MIP-1 alpha), 
macrophage inflammatory protein 1 beta (MIP-1 beta) and regulated on activation normal T 
expressed and secreted protein (RANTES). Expression of this gene was also detected in a 
promyeloblastic cell line, suggesting that this protein may play a role in granulocyte lineage 
proliferation and differentiation. This gene is located at the chemokine receptor gene cluster 
region. (Wang et al, 2002)  
5-hydroxytryptamine (serotonin) receptor 7 (HTR7) was up regulated on day 3. . The 
serotonin receptor encoded by this gene belongs to the superfamily of G protein-coupled 
receptors and the gene is a candidate locus for involvement in autistic disorder and other 
  
12, Results & Discussion 
__________________________________________________________________________________________ 
                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 109 
neuropsychiatric disorders. It is a neurotransmitter, vasodilator, immuno modulator, and a 
growth factor. (Slominski et al, 2003) 
GNAS complex locus (GNAS) was down regulated on day 1. GNAS is involved in 
numerous physiological processes and is a primary determinant of cellular responses to 
extra cellular signals. Programmed cell death and alteration of intracellular G-protein 
signaling is also attributed to be regulated by the proteins encoded by this gene. (Minoretti et 
al, 2006). 
Extra cellular matrix and transport molecules: 
Solute carrier family 6, member 6 (SLC6A6) gene was up regulated at 0 hour and 
day 3. Solute carrier family 35, member A3 (SLC35A3) is up regulated on day 1. Solute 
carrier family 1 member 3(SLC1A3) is down regulated on day 7. SLC1A3 mediates sodium 
ion dependent high affinity glutamate transport and proton co-transport; plays a role in 
maintenance of neuronal function. SLC35A3 facilitates UDP-galactose transporter. SLC6A6 
acts as a sodium and chloride dependent taurine transporter; plays a role in taurine 
transport; may play a role in neurotransmitter metabolism. These have also shown to 
regulate development and apoptosis in combination with p53 (Han et al, 2002). 
Neuron glucose transporter 3 (GLUT3) was up regulated at 0 hour and down 
regulated at 1 day. It acts as a glucose transporter in neurons; may mediate increased 
glucose uptake in response to neuronal injury. Expression is seen after injury where there is 
increased requirement of glucose, increased energy demand that is associated with 
profound changes in glycolysis and energy metabolism. It is expressed by endothelial cells. 
Increased glucose uptake after traumatic injury is primarily accounted for by increased 
neuronal Glut 3 glucose transporter expression and  this increased expression after trauma 
is part of a neuronal stress response that may be involved in increasing neuronal glycolysis 
and associated energy metabolism to fuel repair processes. (Hamlin et al, 2001). 
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At 0 hour and Day 7 Type I alpha 1(COL1A1) was down regulated, collagen type I 
alpha 2 (COL1A2) was up regulated on Day 1. Type I collagen, which is the common form of 
fibrillar collagen, is a major constituent of alveolar bone and consists of a heterotrimer of two 
alpha 1(I) and one alpha 2(I) chains (Bartold and Narayan, 1998). This protein is involved 
the formation of connective tissue structure (Ohira et al, 2004) and plays the key function of 
providing the tissue with its mechanical strength (Narayanan et al, 1985). During wound 
healing, cellular differentiation and regeneration is regulated by a vast array of ECM 
informational molecules (Pitaru et al, 1994.) and collagen is one such key molecule. 
Collagen in most connective tissues is subjected to continuous remodelling and turnover, a 
phenomenon which occurs under both physiological and pathological conditions (Everts et 
al, 1996.) Collagen type I is laid down by bone forming osteoblasts in organised parallel 
sheets or lamellae and subsequently the collagen chains become cross-linked thereby 
imparting tensile strength to bone (Ralston et al, 1998). Observations done by Ohira et al in 
rat alveolar bone wound healing revealed that there was an up-regulation of Type I collagen 
gene and our finding was consistent with it. The upregulation of Type I collagen in 1 day Del 
Bone may be associated with collagen accumulation shortly after the onset of granulation 
tissue formation and also due to cytokines such as interleukin (IL)-6 (Sarkar et al, 2004) 
which trigger collagen production(Rosenberg et al, 2006) 
Lectin, mannose-binding 2(LMAN2) was down regulated on day 1. LMAN2 mediates 
protection against infection by using the complement system, and is a part of innate 
immunity. (Soborg et al, 2003). Thymic stromal co-transporter (TSCOT) is also down 
regulated on day 1. TSCOT functions as an apical transport protein involved in the 
establishment and/ or maintenance of the specific luminal microenvironment of the 
epididymal duct (Obermann et al, 2003). Dihydrodiol dehydrogenase (DHDH) is up regulated 
on day 3. DHDH is identical with D-Xylose Dehydrogenase and belongs to a protein family 
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with prokaryotic proteins and is proposed to be in involved in catalytic function. (Asada et al, 
2000). 
Metabolism and proteolysis: 
Cathepsin S (CTSS) was down regulated at 0 hour and day 7 and up regulated on 
day 3. The protein encoded by this gene, a member of the peptidase C1 family, is a 
lysosomal cysteine proteinase that may participate in the degradation of antigenic proteins to 
peptides for presentation on MHC class II molecules. The encoded protein can function as 
an elastase over a broad pH range. Cathepsin S in human is selectively upregulated, in 
parallel to major histocompatibility complex class II molecules, in response to a pro-
inflammatory cytokine.( In this study the MHC class II molecules expression follows that of 
the Cathepsin S (Schwarz et al, 2002)  
Cathepsin C (CTSC) is down regulated on day 7. The protein encoded by this gene, 
a member of the peptidase C1 family, is a lysosomal cysteine proteinase that appears to be 
a central coordinator for activation of many serine proteinases in immune/inflammatory cells. 
(Hart et al 2002) 
Carbonic anhydrase VI (CA6) was down regulated on day 1 and up regulated on day 
7. Carbonic anhydrases are zinc metalloenzymes. This protein is found only in salivary 
glands and saliva and may play a role in reversible hydration of carbon dioxide though its 
function in saliva is unknown. The carbonic anhydrase (CA) gene are major players in many 
physiological processes, including renal and male reproductive tract acidification, bone 
resorption, respiration, gluconeogenesis, signal transduction, and formation of gastric acid, 
cell proliferation and oncogenesis. Carbonic anhydrase isozymes have different kinetic 
properties and they are present in various tissues and in various cell compartments (Breton, 
2001). 
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Urate oxidase (UOX) was downregulated on day 1 and up regulated on day 3. Urate 
oxidase is a copper-binding-enzyme which catalyzes the oxidation of uric acid to allontoin. It 
functions to protect tissue from oxidative damage. (Oda et al, 2002) 
Matrix Metallopeptidase 13(MMP13) and Matrix Metallopeptidase 7(MMP7) were 
down regulated on day 7. Matrix metallopeptidase 3 (MMP3) was up regulated on day 3. 
Proteins of the matrix metalloproteinase (MMP) family are involved in the breakdown of 
extracellular matrix in normal physiological processes, such as embryonic development, 
reproduction, and tissue remodeling, as well as in disease processes. MMP13 (Collagenase 
-3) has a central role in the modulation of MMP activity, and has key function in the formation 
and remodeling of bone and tumor invasion. (Leeman et al, 2002) 
Phosphorylase, glycogen: liver (PYGL) was down regulated on day 1 and day 3. 
PYGL is a Ca2+ - dependent enzyme involved in the regulation of glycogenolysis (Pallen JM, 
2003). Caspase 4, apoptosis-related cysteine peptidase (CASP4) was down regulated on 
day 1. This gene encodes a protein that is a member of the cysteine-aspartic acid protease 
(caspase) family. Sequential activation of caspases plays a central role in the execution-
phase of cell apoptosis. When overexpressed, this gene induces cell apoptosis (Hitomi et al, 
2003)  
Chymase 1, mast cell (CMA1) is up regulated on day 7. This gene product is a 
chymotryptic serine proteinase that belongs to the peptidase family S1. It is expressed in 
mast cells and thought to function in the degradation of the extracellular matrix, the 
regulation of submucosal gland secretion, and the generation of vasoactive peptides. CMA1 
has been shown to activate several biological mediators, including angiotensin I, IL-1β, and 
endothelin-1. CMA1 degrades various components of the basement membrane, including 
collagen, fibronectin and elastin. It also activates MMP-1 and MMP-3. This proteolytic activity 
of CMA1 is essential for its apoptotic activity. (Ebihara et al, 2005)  
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Mastin (LOC448801) was up regulated on day 7. Mastin is a tryptic peptidase 
secreted by canine mast cells. Mastin is strongly gelatinolytic and breaks down partially 
degraded proteins without causing by stander damage to intact native proteins like collagen 
and casein. (Raymond et al, 2005)  
Transglutaminase 1 (TGM1), Superoxide dismutase 1 (SOD1) genes were also down 
regulated at 0 hour and day 3. Glutaminyl-peptide cyclotransferase (GPTC) was down 
regulated on day 1. 
Protein biosynthesis and protein folding 
Differential expression of this group of genes was seen at 0 hour and day 1. 
Ribosomal protein L29 (RPL29) was down regulated at 0 hour and day 1 whereas 
Ribosomal protein L7a (RPL7A) and Ribosomal protein S11 (RPS11) are down regulated on 
day 1. Ribosomes, the organelles that catalyze protein synthesis, consist of a small 40S 
subunit and a large 60S subunit. Together these subunits are composed of 4 RNA species 
and approximately 80 structurally distinct proteins. RPL29 gene encodes a cytoplasmic 
ribosomal protein that is a component of the 60S subunit. The protein belongs to the L29E 
family of ribosomal proteins. The protein is also a peripheral membrane protein expressed 
on the cell surface that directly binds heparin. RPL7A gene encodes a ribosomal protein that 
is a component of the 60S subunit. The protein belongs to the L7AE family of ribosomal 
proteins. It can interact with a subclass of nuclear hormone receptors, including thyroid 
hormone receptor, and inhibit their ability to transactivate by preventing their binding to their 
DNA response elements. RPS11 gene encodes a ribosomal protein that is a component of 
the 40S subunit. The protein belongs to the S17P family of ribosomal proteins. It is located in 
the cytoplasm. The gene product of the E. coli ortholog (ribosomal protein S17) is thought to 
be involved in the recognition of termination codons  
Ubiquitin A-52 residue ribosomal protein fusion product 1(UBA52) was down 
regulated at 0 hour and day 1. Ubiquitin is a highly conserved nuclear and cytoplasmic 
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protein that has a major role in targeting cellular proteins for degradation by the 26S 
proteosome. It is also involved in the maintenance of chromatin structure, the regulation of 
gene expression, and the stress response. (Krischner et al 2000) 
Prostaglandin-endoperoxide synthase 1 (PTGS1) is up regulated whereas 
Prostaglandin-endoperoxide synthase 2 (PTGS2) is down regulated on day 3. 
Prostaglandin-endoperoxide synthase (PTGS), also known as cyclooxygenase, is the key 
enzyme in prostaglandin biosynthesis, and acts both as a dioxygenase and as a peroxidase. 
Its two isozymes: a constitutive PTGS1 and an inducible PTGS2, differ in their regulation of 
expression and tissue distribution. PTGS1, regulates angiogenesis in endothelial cells, 
PTGS1 is thought to be involved in cell-cell signaling and maintaining tissue homeostasis.. 
Human PTGS2 is expressed in a limited number of cell types suggesting that it is 
responsible for the prostanoid biosynthesis involved in inflammation and mitogenesis. The 
expression of this gene is deregulated in epithelial tumors. The expression of these two 
transcripts is differentially regulated by relevant cytokines and growth factors. (Narayanan et 
al, 2006)  
Guanylate cyclase 1, soluble, beta 3(GUCY1B3) was down regulated at 0 hour and 
Tumor rejection antigen (gp96) (TRA1) 1 was down regulated on day 1.  
12.3.2.2 Periodontal ligament: immediate vs delayed (favorable vs unfavorable 
healing)  
Nine possible condition comparisons were made between the 3 replicates for each 
observation time points i.e. 0 hr, 1 day, 3 day ad 7 day (Chart 3). Genes that showed a 
consistent pattern of expression along all the nine replicates for each time point were taken 
into further discussion and categorized into functional categories for both the up and down 
regulated genes and were visualized in a heat map (Figure 19,Table 11). In conditional 
comparison (Del/ Imm) for PDL, 1156 genes were differentially expressed. These 
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differentially expressed genes were classified as up and down regulated by the selecting 
genes with a log fold change of ± 1. (Figure 20, Figure 21, Figure 22, Figure 23).  
Differentially expressed genes 
above ±2 fold changes (log 2±1) 
Differentially expressed genes 
having annotation and function Observation Period Up regulated Down regulated Up regulated Down regulated 
0- Hour 3 22 1 - 
1 Day 3 36 1 - 
3 Day 219 407 12 14 
7 Day 265 279 14 12 
 
In the delayed replanted group, at all observation time points, it was observed that among 
differentially expressed genes, there were more down regulation of genes than up 
regulation. This may be due to the 60 minutes delay in replanting the teeth, which might 
have an influence on the PDL. The differentially expressed genes were categorized under 
the following functional categories. 
Cell adhesion molecules: 
Cell adhesion molecules are essential in linking the ECM with the cytoskeleton and 
they are important in the regulation of proliferation, differentiation, apoptosis, and cell 
migration (Mussig et al., 2005). During inflammation they serve to enhance pairing between 
many less avid receptors and their ligands and transmit signals that direct specific effector 
function (Yildirium et al, 2005). Intercellular adhesion molecule-1 (ICMA-1) was up regulated 
at day 3 and unlike bone no expression was seen on 1 and day 7.in the delayed group 
Evidences from experimental models of inflammation indicate that absence of ICAM-1 
expression reduces leukocyte recruitment into sites of inflammation (Steeber et al., 1999).  
Laminin, gamma 2 (LAMC2), Laminin, alpha 3(LAMA3) were up regulated on day 7 
in the delayed group PDL. Laminins, are family of extracellular matrix glycoproteins, which 
are the major noncollagenous constituent of basement membranes. They have been 
implicated in a wide variety of biological processes including cell adhesion, differentiation, 
migration, signaling, neurite outgrowth and metastasis. It is a multidomain protein encoded 
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by a distinct gene order of their discovery, i.e. alpha1beta1gamma1 heterotrimer is laminin 1. 
The biological functions of the different chains and trimer molecules are largely unknown, but 
some of the chains have been shown to differ with respect to their tissue distribution, 
presumably reflecting diverse functions in vivo. This gene encodes the gamma chain isoform 
laminin, gamma 2. The epithelium-specific expression of the gamma 2 chain implied its role 
as an epithelium attachment molecule, and mutations in this gene have been associated 
with junctional epidermolysis bullosa, a skin disease characterized by blisters due to 
disruption of the epidermal-dermal junction. (Aishima S et al 2004). Protein encoded by 
LAMA3 is the alpha-3 chain of laminin 5, which is a complex glycoprotein, composed of 
three subunits (alpha, beta, and gamma). Laminin 5 is thought to be involved in cell 
adhesion, signal transduction, differentiation of keratinocytes, angiogenesis. LAMA3 acts 
synergistically with CREB-binding protein (CBP) to facilitate ECM signaling, growth 
regulation and apoptosis (Dietze et al, 2005).  
Desmoglein 1(DSG1) and Desmoglein 3(DSG3) were down regulated at day 7. 
Desmosomes are cell-cell junctions between epithelial, myocardial and certain other cell 
types. Desmoglein 1 is a calcium-binding transmembrane glycoprotein component of 
desmosomes in vertebrate epithelial cells.  Desmogleins plays important parts in the 
formation and maintenance of desmosomes. Down regulation of these molecules results in 
impaired of tissue integrity. These effects were more pronounced when DSG 1 was down 
regulated as compared to DSG 3. They also have an additional function of retaining water in 
the tissue. (Hanakawa et al, 2002). 
Desmocollin 2(DSC2) is down regulated on day 7. The protein encoded by this gene 
is a calcium-dependent glycoprotein that is a member of the desmocollin subfamily of the 
cadherin superfamily. They are required for cell adhesion and desmosome formation. (Nuber 
et al 1995). 
Immune response and immune regulation 
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The infiltration of monocytes and other immune cells such as T-cells produce pro-
inflammatory molecules such as interleukin 6 (IL-6) and IL-8. IL-6 stimulates the growth and 
differentiation of B-lymphocytes. In our study, IL-6 and IL-8 expression seems to be in line 
with the experimental findings by Andreasen JO (1994). IL-8 was down regulated on day 1 
but up regulated on day 3 and day 7. IL-6 was down regulated on day 7; no expression was 
seen on other observation days. These expression pattern in the delayed PDL is similar to 
than seen in the alveolar bone. IL-6 is also expressed by osteoblast and regulated bone 
formation and resorption depending on the signaling (Vermes C, 2002). The protein encoded 
by IL-8 gene is a member of the CXC chemokine family. This chemokine is one of the major 
mediators of the inflammatory response. This chemokine is secreted by several cell types. It 
functions as a chemoattractant, and is also a potent angiogenic factor. IL-8 level in blood is 
directly related to the neutrophil count (Krupa et al, 2004). 
Toll-like receptor 2 (TLR2) play a pivotal role in the innate immune response, and the 
expression levels of these receptors may reflect the sensitivity of immune cells to infections. 
(Tamandl D et al, 2003). Studies have shown that TLR2 is expressed in periodontal tissue in 
inflammatory conditions. The TLR2 are important factors in innate immunity response as 
they mediate signals from bacterial products in relation to inflammatory reactions. They are 
expressed in high concentration in cells that respond to LPS, such as Leukocytes, 
macrophages and monocytes and have been show to play a role in periodontal pocket 
healing (Mori et al, 2003). 
Expression pattern of chemokine (C-C motif) ligand 2(CCL4) was similar to that 
found in the alveolar bone, it was up regulated on day 3 whereas chemokine (C-C motif) 
ligand 21 was down regulated on day 7. CC chemokine ligand 4 (CCL4) was also up 
regulated on day 7. Similar to other chemokines the protein encoded by this gene inhibits 
hemopoiesis and stimulates chemotaxis. (Carlsen et al, 2005. Malin et al, 2006). 
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Serum amyloid A protein (SAA) was up regulated on day 3. SAA is a plasma 
precursor of reactive amyloid fibrils and a sensitive acute phase reactant. (Yamada T , 
2006). Its expression pattern in delayed pattern is similar to that in alveolar bone in the 
delayed group. 
Ferritin heavy polypeptide 1 (FTH1) was up regulated on day 7. FTH1 is the major 
intracellular iron storage protein in prokaryotes and eukaryotes. Iron has important 
immunoregulatory properties; iron excess may alter the immune balance in favor of 
infectious organisms and bacterial pathogens that use iron as a growth factor may show 
increased replication and dissemination. Increased expression of ferritin may be explained 
by the fact that due to the inflammatory response there is an increased recruitment of 
neutrophils (neutrophilia) to the site of trauma providing a platform for increased 
incorporation of hemosiderin (ferritn) in the blood. (Roberts et al, 2005). Its expression is 
seen in the periodontal ligament in the delayed group as compared to bone where it’s seen 
in the immediate group. 
Wound healing, growth factors and hormones 
Parathyroid hormone-like hormone (PTHLH) was up regulated on day 3 in the PDL 
as compared to its expression in the delayed bone where it was down regulated at 0 hour 
and day 7. This hormone regulates endochondral bone development and epithelial-
mesenchymal interactions during the formation of the mammary glands and teeth. 
Parathyroid hormone (PTH)-related peptide (PTHrP) plays an important role in local 
autocrine and/or paracrine regulation of cellular growth and function. These are also 
secreted by the fibroblast. Up regualtion may be suggestive of increased fibroblast activity in 
the delayed group or may also indicate an increase in bone formation and osteolytic activity 
(Natio et al, 2002. Cros et al, 2002). 
Vascular endothelial growth factor (VGEF) was up regulated on day 3. This gene is a 
member of the PDGF/VEGF growth factor family and encodes a protein that is often found 
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as a disulfide linked homodimer. This protein is a glycosylated mitogen that specifically acts 
on endothelial cells and has various effects, including mediating increased vascular 
permeability, inducing angiogenesis, vasculogenesis and endothelial cell growth, promoting 
cell migration, and inhibiting apoptosis.  Studies have show that under stress human 
periodontal ligament shows increased expression of VGEF mRNA thus contributing to 
angiogenisis (Yoshino H et al, 2003). It has also been shown that under stress VGEF 
stimulates osteoclast differentiation particularly during orthodontic tooth movement in the 
periodontal space. (Kaku et al, 2001. Kohno et al, 2005)  
Transforming growth factor, beta 1(TGF-β1) was up regulated on day 3 and down 
regulated on day 7. This finding is similar to that seen in alveolar bone in the delayed group. 
Studies have shown that TGF-β1 significantly stimulate the proliferation of PDL fibroblasts, 
TGF-β1 may act at different stages to promote HPDLFs differentiation towards the 
osteoblast phenotype but lacks the ability to promote maturation (Si XH et al 2002, Dong G 
et al, 2001). It has also been shown that TGF-β1 increases the production of collagen type 1 
and 3 which are key components of alveolar bone. (Zhang et al 2006). Studies have show 
that TGF-β1 along with platelets rich-plasma significantly increases proliferation of PDL 
fibroblasts and alkaline phosphate production (Kawase et al, 2005). 
Cell cycle regulation (growth, differentiation and cell death) and stress response: 
Serine peptidase inhibitor, Kazal type 5 (SPINK5) was down regulated on day 7 in 
the delayed group. This gene encodes a multidomain serine protease inhibitor that contains 
15 potential inhibitory domains. The inhibitor may play a role in skin and hair morphogenesis 
and anti-inflammatory and/or antimicrobial protection of mucous epithelia. Studies have 
shown that SPINK5 are involved in osteoblast-mediated degradation of type I collagen and 
osteoclast migration to future resorption sites. These are expressed by both fibroblast and 
osteoblasts and osteoclasts and may play a role in the invasive and migratory activities of 
osteoclasts and facilitating osteoclast access to mineralized bone matrix, suggesting that 
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SPINK5  activation is necessary for bon resorption. (Lerner et al, 1998. Tumber et al, 2003) 
Protein phosphatase 2 alpha isoform (PPP2CA) was down regulated on day 3 but was up 
regulated on day 7.in the delayed group Studies on human periodontal ligament in vitro have 
shown that PPP2CA helps in cell proliferation, attachment and spreading. (Ishiwata Y 1990).  
Podoplanin (PDPN) was found to be up regulated on day 3 in the delayed group ; this 
finding is similar to that seen in the alveolar bone of the delayed group. PDPN is a 
membrane bound glycoprotein shown to be important for the formation of cell surface 
protrusion and to promote migration and adhesion. It is induced during inflammation and 
wound healing to promote a morphological conversion of the fibroblasts. (Anna Karin HE et 
al, 2006. Gandarillas et al, 1997). Absence of PDPN positive lymphatic microvessels are 
shown to be responsible for the failure of implants due to inability to remove debris from 
implant wear. These findings indicate towards their role in formation of lymphatic channels at 
the bone implant interface (Jell et al, 2006). 
Cyclin D1 (CCND1) was down regulated on day 3 in the delayed group. CCND1 is a 
critical regulator in progression of the cell cycle, specifically through the G1 phase and entry 
into S phase. CCND1 expression is thus necessary for cell proliferation. CCND1 promotes 
cellular migration and reduces cellular adhesion by inhibiting ROCKII expression and 
activity.  CCND1 is a pro fibrogenic and stimulates growth and proliferation of fibroblasts. 
(Watts et al, 2006. Li et al, 2006). Down regulation of this factor in the delayed group may be 
a possible reason for the poor healing response by the periodontal ligament due to inability 
of the fibroblasts to proliferate. 
Transcription regulation 
High mobility group AT-hook 1 (HMGA1) was up regulated at 0 hour and day 3. No 
expression was seen on day 1 and day 7. This gene encodes a non-histone protein involved 
in many cellular processes, including regulation of inducible gene transcription, integration of 
retroviruses into chromosomes, and the metastatic progression of cancer cells. Studies have 
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shown that HMGA1 is induced in hypoxic cells and helps in cell survival. (Yanagita et al, 
2005). Studies have shown that they play a role in fibroblast differentiation (Pasquali et al 
2004). 
Y-box protein ZONAB-A (ZONAB) was down regulates on day 3. Y – Box 
transcription factors are multifunctional protein that can bind DNA as well as RNA and 
regulate transcription as well as translation. In epithelial cells ZONAB regulates cell 
proliferation and gene expression in a cell density –dependent manner.  ZONAB regulates 
G1/ S phase progression. This function of ZONAB is simulated by cellular stress (Tsapara et 
al 2006) 
Mdm2, transformed 3T3 cell double minute 2, p53 binding protein (MDM2) was up 
regulated on day 7. This protein affects the cell cycle, apoptosis, and tumorigenesis through 
interactions with other proteins (Ohkubo et al, 2006). MDM2 mediated inhibition of p53 
function is a prerequisite for Runx2 activation, osteoblast differentiation, and proper skeletal 
formation (Lengner et al 2006). Expression of MDM2 is seen at 0 hour in the alveolar bone in 
the delayed group. 
Signal transduction and receptor molecules: 
Chemokine (C-C motif) receptor 5 (CCR5) was up regulated on day 3. This protein is 
expressed by T cells and macrophages, and is known to be an important co-receptor for 
macrophage-tropic virus, including HIV, to enter host cells. The ligands of this receptor 
include monocyte chemoattractant protein 2 (MCP-2), macrophage inflammatory protein 1 
alpha (MIP-1 alpha), macrophage inflammatory protein 1 beta (MIP-1 beta) and regulated on 
activation normal T expressed and secreted protein (RANTES). Expression of this gene was 
also detected in a promyeloblastic cell line, suggesting that this protein may play a role in 
granulocyte lineage proliferation and differentiation. This gene is located at the chemokine 
receptor gene cluster region (Wang et al, 2002). It is also expressed in alveolar bone on day 
3. 
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Extra cellular matrix and transport molecules: 
Neuron glucose transporter 3 (GLUT3) was up regulated on day 7. It acts as a 
glucose transporter in neurons; may mediate increased glucose uptake in response to 
neuronal injury. Expression is seen after injury where there is increased requirement of 
glucose, increased energy demand that is associated with profound changes in glycolysis 
and energy metabolism. It is expressed by endothelial cells. Increased glucose uptake after 
traumatic injury is primarily accounted for by increased neuronal Glut 3 glucose transporter 
expression and this increased expression after trauma is part of a neuronal stress response 
that may be involved in increasing neuronal glycolysis and associated energy metabolism to 
fuel repair processes. (Hamlin et al, 2001)  
Rab12 protein (RAB12) was up regulated on day 7 in delayed PDL. RAB12 has a 
potential role of acceleration of vesicular transport from the cell periphery to the perinuclear 
centrosome region (Lida et al 2005) 
Solute carrier family 2 (facilitated glucose transporter), member 3 was up regulated 
on day 7. Facilitative Glucose transporter 3 (GLUT3) are expressed in isolated, resting, 
human lymphocytes (monocytes). It mediates glucose uptake in lymphocytes and 
monocytes, and cellular processes.  GLUT3 expression provide cellular fuel for immune 
response and high levels of high –affinity GLUT3 in macrophages might allow the cells to 
compete with pathogens for hexoses (Fu et al 2004). 
Chloride Channel 3 (CLCN3) and Cytochrome P-450 3A12 (CYP3A12) were down 
regulated on day 3.  
Metabolism and proteolysis: 
Cathepsin S (CTSS) was up regulated on day 7 and day 3. The encoded protein can 
function as an elastase over a broad pH range. Cathepsin S in human is selectively 
upregulated, in parallel to major histocompatibility complex class II molecules, in response to 
a pro-inflammatory cytokine (Schwarz et al, 2002). Cathepsin S expression affects the 
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production of type IV collagen –derived anti-angiogenic peptides, thus regulating 
angiogenesis (Wang et al, 2006). 
Matrix metallopeptidase 3 (MMP3) was up regulated on day 3. This gene encodes an 
enzyme which degrades fibronectin, laminin, collagens III, IV, IX, and X, and cartilage 
proteoglycans. The enzyme is thought to be involved in wound repair, progression of 
atherosclerosis, and tumor initiation. The gene is part of a cluster of MMP genes which 
localize to chromosome 11q22.3 (Su et al 2006).  
Matrix metallopeptidase 13 (collagenase 3) (MMP13) was up regulated on day 7. 
Studies on human periodontal ligament and alveolar bone cells have shown that MMP13 
along with other ECM molecules and growth factors are involved in molecular interaction 
between the PDL cells and the alveolar bone cells. (Winter et al, 2005) 
Phosphorylase, glycogen (PYGL), Carbonic anhydrase VI (CA6), Superoxide 
dismutase 1(SOD1) was down regulated on day 3. Urate Oxidase (UOX1) was p regulated 
on day 3. Mastin (LOC448801) was down regulated on day 7. The expression pattern of 
these genes was similar to those seen in the alveolar bone in the delayed (unfavorable 
group). 
Protein biosynthesis and protein folding 
The genes expressed in this function group were Prostaglandin-endoperoxide 
synthase 2(PTGS2), Transglutaminase 1(TGM1), Tyrosinase (TYR). These were down 
regulated on day 3. Eukaryotic translation elongation factor 1 alpha 1(EEF1A1) was up 
regulated on day 7. 
Prostaglandin-endoperoxide synthase (PTGS), also known as cyclooxygenase, is the 
key enzyme in prostaglandin biosynthesis, and acts both as a dioxygenase and as a 
peroxidase. Its two isozymes:a constitutive PTGS1 and an inducible PTGS2, differ in their 
regulation of expression and tissue distribution. PTGS1, regulates angiogenesis in 
endothelial cells, PTGS1 is thought to be involved in cell-cell signaling and maintaining 
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tissue homeostasis. Human PTGS2 is expressed in a limited number of cell types 
suggesting that it is responsible for the prostanoid biosynthesis involved in inflammation and 
mitogenesis. The expression of this gene is deregulated in epithelial tumors. The expression 
of these two transcripts is differentially regulated by relevant cytokines and growth factors. 
(Narayanan et al, 2006). 
12.3.3 Topographic comparison between PDL and bone 
The percentage of gene expression for PDL in both the immediate and delayed 
group at 0 hour and 1 day was in the range of 12-15%. Whereas on day 3 and day 7 the 
expression  level for both groups was about 37-44% .In the alveolar  bone the expression 
range was consistently around 36-40 % for all the observation periods  ( 0 Hour, Day 1, 3 
and 7) in both the delayed and Immediate group (Table5a, 5b).  
In conditional topographic comparison 1759 genes were differentially expressed in 
the alveolar bone and 1156 genes were differentially expressed in the PDL at the 
observation periods of 0 hour, day 1, 3 and 7. At 0 hour and day 1 PDL showed very minimal 
differentially expressed gene whereas in the bone at day 0 hour and day 1 showed the 
expression of genes belonging to functional group likes cell adhesion molecules, apoptosis, 
cell cycle regulation, stress response, wound healing and growth factors. This early pattern 
of expression suggests that the alveolar bone cells are more competent to overcome the 
effects of delayed replantation in the early phases of biological response to avulsion by 
eliciting a cascade of genes essential to tissue repair and regeneration. To wards the later 
phases of the biological response, that is at day 3 and 7  both  tissues show a wide 
expression of genes belonging to functional categories like wound repair, growth factors, 
hormones, protein synthesis, metabolism, signal transduction, transport  and  transcription 
regulation.  
  
12, Results & Discussion 
__________________________________________________________________________________________ 
                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 125 
Topographic comparison of the tissues with respect to time line (temporal 
comparison) showed that the expression pattern and range of gene expression in both the 
immediate and delayed group is identical at day 3 and 7 for bone and PDL. At 0 hour and 
day 1 both the immediate and delayed group showed minimal gene expression in the PDL.  
The difference in the amount of expression at day 1 and 0 hour in the PDL as compared to 
day 3 and 7 and to that of alveolar bone could be due to the RNA breakdown that may have 
occurred in the dried PDL and also due to the variable early response of these two tissues to 
delayed replantation. Another aspect that would have been responsible for the difference in 
gene expression pattern would be the uniqueness of the PDL tissue when compared to the 
alveolar bone. The general observation was that the differential expression of genes in bone 
was more than that of PDL in the delayed group. This observation leads us to speculate that 
in early wound healing in delayed replanted teeth, the alveolar bone cells may be more 
competent than the severely damaged periodontal cells and there is a possibility that 
alveolar bone cells might be overrun by PDL cells (Kling et al 1985, Wikesjo et al, 1988). 
12.4 Genes responsible for the unfavorable healing in delayed group 
In a replanted tooth, the ability to stimulate periodontal cell growth may limit the 
osteogenic cells ability to repopulate the denuded root surface, thus decreasing the 
occurrence of osseous replacement and increase the possibility of periodontal healing.and 
regeneration (Hammamoto et al 2002). The following section brings forth candidate genes 
which can be implicated in the poor prognosis seen in the delayed replayed teeth. 
Apoptosis in osteoblasts and periodontal ligament fibroblasts is an important that 
contributes in periodontal tissue repair (Thammasitboon et al 2006). Apoptotic gene PSEN1 
is a negative regulator of β-catenin that has a cell growth promoting activity through 
activation of Cyclin D1. Cyclin D1 promotes accelerated entry into the S phase of cell cycle. 
PSEN1 shows up regulation in the PDL of delayed group and no expression of cyclin D1 
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was seen (Graph 8). In contrast the immediate group. PDL showed a down regulation of 
PSEN1 and up regulation of Cyclin D1. Cycllin D1 expression is necessary for cell 
proliferation; it’s a fibrogenic and stimulates growth and proliferation of fibroblasts (Watts KL 
et al 2006). This interplay by PSEN1 up regulation and cyclin D1 down regulation could be 
crucial factor in the unfavorable healing seen in the delayed group. Pro apoptotic gene 
MCL1 and BCL2 showed regulated in the delayed group.(Graph 7) These genes regulate a 
crucial mitochondrial pathway which leads to an erroneous triggering of cell death. These 
genes were down regulated in the immediate PDL and alveolar bone. The poor proliferative 
ability of PDL cells in the delayed group could be further compromised due to an 
uncontrolled triggering of apoptosis caused by these genes. 
Cell adhesion molecules are essential in linking the ECM with the cytoskeleton and 
are important in the regulation of proliferation, differentiation, apoptosis and cell migration 
(Mussig et al 2005). During inflammation they serve to enhance pairing between many less 
avid receptors and their ligands (Yildirium et al 2005). ICAM-1 is one such molecule that 
helps in leukocyte recruitment in the site of inflammation. Its expression is delayed in the 
PDL where as in the immediate group PDL and alveolar bone the expression occurs earlier 
(Graph 9). DSG1 and DSG3 show down regulation in the delayed group PDL (Graph 10, 
Graph 12); these molecules play an important role in formation and maintenance of 
desmosomes. A down regulation of this molecules leads to impaired tissue integrity. They 
also function to retain water in the tissue. The extra oral period results in loss of water for the 
PDL cells and a down regulation this factors would further favor cell death. 
Immune response genes IL-6 and IL-8 are show down reglation in the delayed PDL 
and bone. IL 6 stimulates growth and differentiation of B-Lymphocytes (Andreasen JO 
1994). Depending on the signaling IL-6 promotes cell differentiation in to active cells types 
and this effect is more profound in the osteoblasts and osteoclast activation.Loss of this 
regulatory mechanism lead to uncontrolled bone deposition or resoprtion depending on the 
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stimuli.(Vermes et al 2002). IL-8 is a potent chemoattractant and regulates angiogenesis. 
Down regulation of IL-8 impairs cell differentiation and proliferation (Krupa et al 2004). 
PTHLH showed an up regulation in the early stages in the delayed group PDL 
(Graph 11). This has a local autocrine regulation of cellular growth and differentiation of 
fibroblasts and promotes endochondral bone development (Cros et al 2002). On the contrary 
this factor was down regulated in the immediate group PDL and alveolar bone. 
TGF-β1 was down regulated in the delayed group PDL and alveolar bone on the 
early observation period. The immediate group bone and PDL showed an increased 
expression on all observation periods (Graph 13). TGF-β1significantly promotes PDL 
fibroblasts proliferation. It acts at different stages of PDL differentiation and promotes 
production of collagen type 1 and 3. VEGF expression was up regulated in the PDL (Graph 
14). This factor helps in angiogenesis and response to stress by stimulating osteoblast 
differentiation (Yoshino et al 2003).  
Cell cycle regulation molecule PPP2CA was down regulated in the delayed group 
PDL(Graph 15) This factor helps in cell proliferation attachment and spreading. The down 
regulation of this factor results in growth suppression, enhanced apoptosis, and impaired 
clonogenic potential. The down regulation of PPP2CA and up regulation of VEGF, PTHLH 
may promote osteogenic cell type proliferation resulting in the complication of ankylosis seen 
in the delayed group. 
12.5 Results of validation study by qRT-PCR  
The 20 genes assayed with qRT-PCR were selected based on primer availability, 
initial evidence of differential expression, signal intensity and biological interest. These 
genes do not compromise a random sample. In particular, these genes for which we have 
qRT-PCR data do not include low intensity genes. The genes are medium and high intensity 
genes, with larger fold-change tending to be for the medium intensity genes. 
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12.5.1 Gene-specific correlation between RT-PCR and microarray results 
Thermalcycler PCR for GAPDH and other genes showed a single (peak) product indicating 
that no false amplification occurred. The expressions of 21 genes were quantified for their 
respective abundance. The amount of gene was normalized to the housekeeping gene, 
GAPDH. In most cases, the relative expression determined by real-time RT-PCR 
quantitation was concordant with the expression determined by gene array analysis. The 
higher level of concordance was more evident at day 7 (Table 14, Graph 5, Graph 6, Graph 
16). How ever one gene showed variations generated by the two methodologies. The gene 
HSP70 showed up regulation on the RT-PCR analysis in opposition to down regulation 
shown by the micro array analysis. Since the primers for Real-Time PCR are gene-specific. 
It was likely that the cross-hybridzation between the members of the genes could have 
occurred in the micro array experiment.  
Pearsons correlation between the mean values of fold changes for quantitative real-time RT-
PCR and micro array analysis at different time points was -0.142 (p-Value 0.550) at for day 
1, -0.117 (p-Value = 0.622) for day 3 and 0.559 (p- Value 0.010) for day 7. Among the 
twenty genes TIMP1, RAC, TRAM1, PRKCD, SRP5, GUSB showed a paired correlation 
between 5 to 9 (Table 14). Paired t-test between the 9 comparisons did not show statistically 
significant difference between the the fold changes of microarray and quantitative real-time 
RT-PCR for the genes in day 1 observation whereas for day 7 and day 3 TIMP1, RAB7, 
COL1A1, FTL, TRAM1, PRKCD, SRP54, TUBG1, HSPB1, HSP70, GUSB, HMGB1 showed 
significant differences (Graph 16). 
In most cases, quantitative and qualitative expression levels detected by QRT-PCR 
were consistent and comparable to the microarray expression. 
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13 CONCLUSIONS 
The results of the current experiment appeared to suggest a dominance of events in the 
alveolar bone socket over the PDL on root surface. 
ALVEOLAR BONE: 
1. There were generally higher genetic expressions in alveolar bone compared to the 
periodontal tissue in both immediate-replanted (favorable outcome) and delayed-
replanted (unfavorable outcome) groups. 
2. The onset of molecular events in the alveolar bone was almost immediate starting 
from day 1 in both immediate-replanted and delayed-replanted groups. 
3. With one functional group exception, there was no distinct difference in gene 
expression in both immediate and delayed-replanted groups across the different 
functional categories. 
4. Notably, hormone PTHLH associated with bone resorption was down regulated from 
day 1 and up regulated from day 3 onwards till the last observation day 7 in the 
immediate and delayed replantation groups, respectively. Growth factor TGF-β1 
promoting proliferation of oteoblastic / ostolytic phenotype was up regulated in both 
immediate and delayed groups throughout the observation period from day 1 to day 
7. Likewise, cell cycle regulation gene PPP2CA implicated in cell proliferation and 
spreading are up regulated in both immediate and delayed replantation groups 
throughout the observation period from day 1. Speculatively, these genes expressed 
in the early phase within the alveolar socket potentially lead to a cascade of 
molecular events resulting in different healing outcome in the two different groups at 
a later phase. 
 
  
 13, Conclusion 
__________________________________________________________________________________________ 
                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 130 
PERIODONTAL LIGAMENT 
1. There were generally lower genetic expressions in the PDL compared to the alveolar 
bone in both immediate-replanted (favorable outcome) and delayed-replanted 
(unfavorable outcome) groups. 
2. The onset of molecular events was almost immediate in the immediate replantation 
group commencing from day 1, while it was delayed till day 3 in the delayed-
replanted group. 
3. There were distinct differences in gene expression patterns between the immediate-
replanted group and the delayed-replanted groups. 
4. Apoptotic genes MCL1 and PSEN1 implicated in cell death and delayed onset of 
angiogenesis were pronouncedly up regulated in the delayed-replanted group but 
down regulated in the immediate-replanted group from day 1. Similarly, cell adhesion 
molecules ICAM1, DSG1 and DSG3 essential for maintaining cell integrity were 
down regulated in delayed group but up regulated in immediate group both from day 
1. Cell cycle regulation gene PPP2CA was down regulated in the delayed-replanted 
group while in the immediate-replanted group, the genetic profile remained status 
quo at the base line level throughout from day 0 to day 7. These suggest PDL tissue 
in the delayed-replanted group had been severely stressed, undergo degradation 
with diminished potential to express genes which modulate regeneration and repair. 
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14 FUTURE DIRECTIONS 
• Genes that have been screened in this study will be further validated through real-time PCR, 
immunohistochemical or in-situ hybridization techniques by focusing on pathways involving 
the different biological processes presumed to be responsible for the unfavorable outcome 
seen in delayed replanted tooth.  
• Future identification of encoding proteins using proteomics may provide valuable information 
and subsequent functional therapeutics strategy for delayed replanted teeth to overcome the 
adverse outcomes. 
•  Further understanding and integrating knowledge gathered from genomics, proteomics and, 
bioengineering as wel as bioinformatics can facilitate future in development of genetically 
engineered progenitor cells and aid in regeneration of new periodontal tissue at the 
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0, 1, 3 and 7- Represent the observation periods 
A, B, C, D, E- Respresents the Animal identity 
 
(1, 3, 7)- IMMEDIATE – A 
 
(1, 3, 7)- IMMEDIATE – B 
 




0- IMMEDIATE – D 
 
0- IMMEDIATE – E 
 
0- IMMEDIATE – F 
 
1,3,7/ 0 IMMEDIATE-  A x D (Comp1) 
 
1,3,7/ 0 IMMEDIATE-  A x E (Comp2) 
 
1,3,7/ 0 IMMEDIATE-  A x F (Comp3) 
 
1,3,7/ 0 IMMEDIATE-  B x D (Comp4) 
 
1,3,7/ 0 IMMEDIATE-  B x E (Comp5) 
 
1,3,7/ 0 IMMEDIATE-  B x F (Comp6) 
 
1,3,7/ 0 IMMEDIATE-  C x D (Comp7) 
 
1,3,7/ 0 IMMEDIATE-  C x E (Comp8) 
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Table 1: Sample distribution 
 
Groups 3 Day 7 Day 
Immediate Replantation 
(Favorable Healing Group) 22 18 
Delayed Replantation 
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Table 4: Details of Sample used for microarray hybridization 
 
Quality (Bioanalyzer) Groups, Tissue 
(With no. of 
Replicates) 
Quantity (UV- Spectro Photometer) 
1: 100 dilution 
PERIODONTAL 
LIGAMENT 
Dog ID-Tooth type and 
Number 
Quantity ng/ µl Quality A260/A280 (1.9-2.1) 
RIN(>6) rRNA (r28s/18s) (1-2) 
Immediate (Favorable ) 
3 Immediate PDL-I A(42) Incisor 31ng 1.79 9.0 1.7 
3 Immediate PDL-II B(22) Incisor 41ng 2.01 8.9 1.8 
3 Immediate PDL-III C(15) Incisor 21ng 2.76 9.1 2.2 
 
7 Immediate PDL-I D(12) Incisor 240ng 2.04 9.2 1.6 
7 Immediate PDL-II E(22) Incisor 177ng 2.02 8.5 1.4 
7 Immediate PDL-III F(11) Incisor 8ng 1.98 9.1 1.7 
Delayed (Unfavorable) 
3 Delayed PDL-I A(22) Incisor 54ng 1.75 8.6 1.6 
3 Delayed PDL-II B(42) Incisor 33ng 1.90 8.6 1.7 
3 Delayed PDL-III C(22) Incisor 45ng 1.85 8.7 2.1 
 
7 Delayed PDL-I D(26m)Premolar 77ng 2.00 8.6 1.6 
7 Delayed PDL-II E(16m)Premolar 103ng 2.17 8.6 1.7 
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Table 5: Details of Sample used for microarray hybridization (Alveolar bone) 
 
Quality (Bioanalyzer) Groups, Tissue(With no. of 
Replicates) 
Quantity (UV- Spectro Photometer)1: 
100 dilution 
ALVEOLAR BONE 
Dog ID- Tooth type and 




RIN(>6) rRNA (r28s/18s) (1-2) 
Immediate (Favorable ) 
3 Immediate Bone-I A(12)Incisor 24ng 1.52 8.9 1.9 
3 Immediate Bone-II B(22)Incisor 47ng 2.00 8.6 1.8 
3 Immediate Bone-III C(11)Incisor 27ng 2.39 8.8 1.7 
 
7 Immediate Bone-I D(15)Premolar 75ng 2.00 8.9 1.5 
7 Immediate Bone-II E(32)Premolar 82ng 1.84 9.0 2.5 
7 Immediate Bone-III F(11)Incisor 50ng 1.92 8.0 1.8 
Delayed (Unfavorable) 
3 Delayed Bone-I A(31)Incisor 51ng 1.90 8.9 1.5 
3 Delayed Bone-II B(11)Incisor 52ng 1.81 8.8 1.7 
3 Delayed Bone-III C(31)Incisor 35ng 2.05 8.8 1.8 
 
7 Delayed Bone-I D(32)Incisor 32ng 1.82 8.5 1.8 
7 Delayed Bone-II E(16m)Premolar 23ng 2.66 9.1 1.9 
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Table 6: cRNA yield from 2-cycle target labeling assay (PDL) 
 
cRNA yeild and cRNA quality (UV-Spectrophotometer) Groups, Tissue 
(With no. of 
Replicates) 
After IVT amplification 
(1:80 dilution) 
After Biotin-Labeling and 
clean up (1:150 dilution) 
PERIODONTAL 
LIGAMENT 














yield in µg present 
in 20 µl of cRNA 
Amount of cRNA 
used for 
hybridization in µg 
Immediate (Favorable) 
3 Immediate PDL-1 A(42) Incisor 50 ng 180ng 2.02 6.033 1.88 60.28 15 
3 Immediate PDL-2 B(22) Incisor 50 ng 113ng 2.06 5.507 1.78 110.09 15 
3 Immediate PDL-3 C(15) Incisor 50 ng 113ng 2.11 4.278 1.77 50.28 15 
 
7 Immediate PDL-1 D(12) Incisor 50 ng 22ng 1.88 4.82 1.90 85.61 15 
7 Immediate PDL-2 E(22) Incisor 50 ng 34ng 1.98 2.127 1.87 42.49 15 
7 Immediate PDL-3 F(11) Incisor 50 ng 25ng 2.35 1.149 1.92 22.93 15 
Delayed (Un favorable) 
3 Delayed PDL-1 A(22) Incisor 50 ng 128ng 2.05 5.538 1.79 55.33 15 
3 Delayed PDL-2 B(42) Incisor 50 ng 35ng 1.18 4.758 1.89 95.11 15 
3 Delayed PDL-3 C(22) Incisor 50 ng 24ng 2.29 5.896 1.89 117.87 15 
 
7 Delayed PDL-1 D(26m)Premolar 50 ng 527ng 2.05 3.163 1.86 63.21 15 
7 Delayed PDL-2 E(16m)Premolar 50 ng 248ng 2.08 6.629 1.87 132.53 15 
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Table 7: cRNA yield from 2-cycle target labeling assay (Alveolar bone) 
 
cRNA yeild and cRNA quality (UV-Spectrophotometer) Groups, Tissue 
(With no. of 
Replicates) 
After IVT amplification 
(1:80 dilution) 
After Biotin-Labeling and 
clean up (1:150 dilution) 
ALVEOLAR BONE 














yield in µg 
present in 20 µl 
of cRNA 
Amount of cRNA 
used for 
hybridization in µg 
Immediate (Favorable) 
3 ImmediateBone1 A(12)Incisor 50 ng 214ng 2.00 2.878 1.87 28.73 15 
3 Immediate Bone2 B(22)Incisor 50 ng 104ng 1.92 5.739 1.79 114.73 15 
3 Immediate Bone3 C(11)Incisor 50 ng 109ng 2.10 4.407 1.79 88.09 15 
 
7 Immediate Bone1 D(15)Premolar 50 ng 22ng 2.47 1.677 1.84 33.49 15 
7 Immediate Bone2 E(32)Premolar 50 ng 22ng 1.80 1.633 1.90 29.13 15 
7 Immediate Bone3 F(11)Incisor 50 ng 26ng 1.99 1.839 1.90 37.81 15 
Delayed (Un favorable) 
3 Delayed Bone-1 A(31)Incisor 50 ng 115ng 2.05 5.033 1.79 50.28 15 
3 Delayed Bone-2 B(11)Incisor 50 ng 39ng 1.93 4.507 1.84 90.09 15 
3 Delayed Bone-3 C(31)Incisor 50 ng 37ng 2.04 5.720 1.92 114.35 15 
 
7 Delayed Bone-1 D(32)Incisor 50 ng 20 2.72 1.161 1.91 23.17 15 
7 Delayed Bone-2 E(16m)Premolar 50 ng 29 2.08 1.459 1.87 29.13 15 
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Table 8: Array report for 3-Day observation based on GCOS (Affymetrix) 
 
Immediate Favorable Delayed Unfavorable 
Array Report Array Report Tissue Animal Tooth # Type Present Marginal Absent 
Tooth # 
Type Present Marginal Absent 










































































(59.20%) Alveolar Bone 
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Table 9: Array report for 7-Day observation based on GCOS (Affymetrix) 
 
ImmediateFavorable Delayed Unfavorable 
Array Report Array Report Tissue Animal Tooth # Type Present Marginal Absent 
Tooth # 
Type Present Marginal Absent 











































































(1.50%) Alveolar Bone 
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Table 10: Condition comparison: Alveolar Bone 
 
* Represents no change  
Fold Change (Log2 Scale) 
S.No Gene Title Gene Symbol 
Gene Bank 
Accession Number 
0 Imm Vs 
0 Del (0 
Hour) 
1 Imm Vs 
1 Del (1 
Day) 
3 Imm Vs 
3 Del (3 
Hour) 
7 ImmVs  7 
Del (7 Day) 
Apoptosis     
1 Myeloid cell leukemia sequence 1 MCL1 NM_001003016 +2.16 -* - - 
Cell Adhesion Molecules     
2 Intercellular adhesion molecule-1 ICAM-1 XM_542075 XP_537297 +1.75 -1.22 +1.16 - 
3 Selectin E (endothelial adhesion 
molecule 1) SELE NM_001003310 +1.06 - - - 
4 Selectin P SELP XM_537202 XP_537202 - -2.21 - - 
5 β-2 Integrin ITGB2 XM_849290 XP_854383 - -1.37 - - 
Immune Response     
6 MHC Class I DLA-88 DLA88 NM_001014767 -5.59 -1.11 - +1.89 
7 MHC Class II DLA DQalpha  
chain DQA1 NM_001011726 - -1.62 +1.38 - 
8 Interleukin -6 IL-6 NM_001003301 - -3.05 - - 
9 Interleukin -8 IL-8 NM_001003200 - -2.28 +1.95 -1.50 
10 Myxovirus resistance 1 MX-1 NM_001003134 - +2.47 - - 
11 Complement Component 5 
receptor 1(C5a Ligand) C5AR1 NM_001003373 - -1.16 - - 
 
Toll like  Receptor 2 TLR2 NM_001005264 - -1.52 - - 
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13 Chemokine (C-C motif) ligand 2 CCL2 NM_001003297 - - +2.75 -1.20 
14 Serum Amyloid A protein SAA NM_001003050 - +2.17 +1.56 - 
15 Chemokine (C-C motif) ligand 19 CCL19 NM_001005256 - - +1.45 - 
16 CC chemokine ligand 21 CCL21 NM_00105258 - - - +1.78 
 
NADPH Thyroid Oxidase THOX2  - - -1.10 - 
Cell Cycle Regulation     
17 Protein Phosphatase 2, alpha isoform PPP2CA NM_001003063 - -1.01 -1.82 - 
18 Phosphatase and Tensin homolog PTEN NM_001003192 - -1.01 - - 
19 TIMP metallopeptidase 1 TIMP1 NM_001003182 - -1.28 - -1.72 
20 Transglutaminase 1 TGM1 NM_001003079 - -1.45   
21 Glutathione peroxidase 1 GPX1 XM_533828 XP_533828 - -1.22 - - 
22 Podoplanin PDPN NM_001003220 - - +1.05 - 
23 Transforming growth factor, beta 1 TGFB1 NM_001003309 - - +1.32 - 
24 Clusterin CLU NM_001003370 - - +1.18 - 
25 Cyclin D1 CCND1 NM_001005757 - - -1.58 - 
26 Secreted frizzled –related protein 2 SFRP2 NM_001002987 - - - +1.63 
28 Coagulation factor III F3 NM_001024640 - -1.21 -1.82 - 
Hormones and Growth factors     
29 Parathyroid hormone-like hormone PTHLH NM_001003303 -2.54 - - -2.01 
Transcription Regulation     
30 Nuclear receptor subfamily 4, group A, member 1 NR4A1 NM_001003227 +1.87 - - - 
31 
Mdm2, transformed 3T3 cell 
double minute 2, p53 binding 
protein 
MDM2 NM_001003103 +1.08 - - - 
32 v-myc myelocytomatosis viral 
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33 High-mobility group box 1 HMGB1 NM_001002397 -1.40 - - - 
34 Msh homeo box homolog 2 MSX2 NM_001003098 - - +1.97 - 
Signal Transduction     
35 Adrenergic, beta-2-, receptor, 
surface ADRB2 NM_001003234 +2.39 +1.05 - - 
36 Chemokine Orphan receptor 1 CMKOR1 NM_001003281 -1.09 - -1.58 - 
37 GNAS complex locus GNAS NM_001003263 - -1.09 - - 
38 5-hydroxytryptamine (serotonin) 
receptor 7 HTR7 
XM_534958 
XP_534958 - - +1.12 - 
39 Chemokine (C-C motif) receptor 5 CCR5 NM_001012342 - - +1.30 - 
ECM and Transport Molecules     
41 
Solute carrier family 6 
(neurotransmitter transporter, 
taurine), member 6 
SLC6A6 NM_001003311 +1.15 - +1.04 - 
42 Neuron glucose transporter 3 GLUT3 NM_001003308 +1.06 -1.57 - - 
43 Cytochrome P450 2B11 CYPIIB11 NM_001006652 -2.52 - - - 
44 Collagen, type I, alpha 1 COL1A1 NM_001003090 -1.53 - - -1.09 
45 Collagen, type I, alpha 2 COL1A2 NM_001003187 -1.22 +1.13 - - 
46 Ferritin, light polypeptide FTL NM_001024643 -1.06 - - - 
47 Amyloid beta (A4) precursor protein AAP NM_001006601 - +1.02 - - 
48 Solute carrier family 35  member A3 SLC35A3 NM_001003385 - +1.09 - - 
49 Lectin, mannose-binding 2 LMAN2 NM_001003258 - -1.03 - - 
50 Thymic stromal co-transporter TSCOT NM_00102997 - -1.15 - - 
51 ATPase, Ca++ transporting ATP2A2 NM_001003214 - -1.89 - - 
52 ATPase, H+/K+ transporting, 
nongastric, alpha polypeptide ATP12A 
XM_843185 
XP_848278 - -1.81 -2.03 -1.30 
53 Catalase CAT NM_001002984 - -1.38 - - 
54 Dihydrodiol dehydrogenase DHDH NM_001003160 - - +1.02 - 
55 ATPase, Na+/K+ transporting, beta 1 polypeptide ATP1B1 NM_001003283 - - -2.41 +1.44 
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Proteolysis and Metabolism     
57 SEC11-like 3 SEC11L3 NM_001003312 -1.07 -1.19 - - 
58 Cathepsin S CTSS NM_001002938 -1.34 - +1.33 -1.69 
59 Cathepsin C CTSC XM_533981 XP_533981 - - - -1.31 
60 Phosphorylase, glycogen; liver PYGL XM_537443 XP_537443 - -1.40 -1.02 - 
61 Carbonic anhydrase VI CA6 NM_001002999 - -1.04 -3.59 -1.42 




XP_532934 - -1.28 - - 
64 Caspase 4, apoptosis-related 
cysteine peptidase CASP4 NM_001003125 - -1.03 - - 
65 Prostaglandin-endoperoxide 
synthase 1 PTGS1 NM_001003023 - - +1.02 - 
66 Matrix metallopeptidase 3 MMP3 NM_001002967 - - +1.68 - 
67 Matrix metallopeptidase 13 MMP13 XM_536598 XP_536598 - - - -2.35 
68 Matrix metallopeptidase 9 MMP9 NM_001003219 - - - -3.19 
69 Transglutaminase 1 TGM1 NM_001003079 - - -1.22 - 
70 Cytochrome P-450 3A12 CYP3A12 NM_001003340 - - - +2.11 
71 Chymase 1, mast cell CMA1 NM_001013424 - - - +1.04 
72 Mastin LOC448801 NM_001005260 - - - +2.29 
73 Guanylate cyclase 1, soluble, beta 3 GUCY1B3 NM_001018034 -1.71 - - - 
74 Superoxide dimutase SOD1 NM_001003035 - - -1.38 - 
75 Prostaglandin-endoperoxide 
synthase 2 PTGS2 NM_001003354 - - -1.45 - 
76 Ribosomal protein L7a RPL7A XM_537800 XP_537800 -1.36 -1.18 - - 
Protein Bio Synthesis     
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78 Ribosomal protein S11 RPS11 XM_533619 XP_533619 - -1.81 - - 
79 Tumor rejection antigen (gp96) 1 TRA1 NM_0010033327 - -1.48 - - 
80 Ubiquitin A-52 residue ribosomal protein fusion product 1 UBA52 
XM_533870 
XP_533870 - -1.72 - - 
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Table 11: Condition comparison: PDL 
 
Fold Change (Log2 Scale) 




0 Imm Vs 
0 Del (0 
Hour) 
1 Imm 
Vs 1 Del 
(1 Day) 
3 Imm Vs 
3 Del (3 
Hour) 
7 Imm Vs 
7 Del (7 
Day) 
Cell Adhesion Molecules     
1 Intercellular adhesion molecule-1 ICAM-1 XM_542075 XP_542075 - - +1.16 - 
2 Laminin, gamma 2 LAMC2 NM_001003351 - - - +1.02 
3 Laminin, alpha 3 LAMA3 XM_537297 XP_537297 - - - +1.03 
4 Desmoglein 1 DSG1 NM_001002939 - - - -3.76 
5 Desmoglein 3 DSG3 NM_001002983 - - - -2.23 
6 Desmocollin 2 DSC2 XM_537291 XP_537291 - - - -1.25 
Immune response     
7 Interleukin 8 IL-8 NM_001003200 - -2.48 +4.25 +1.16 
8 Interleukin 6 IL-6 NM_001003301 - - - -1.79 
9 Toll-Like receptor 2 TLR2 NM_001005264 - - +1.14 - 
10 Chemokine (C-C motif) ligand 2 CCL2 NM_001003297 - - +2.13 - 
11 Chemokine (C-C motif) ligand 4 CCL4 NM_001005250 - - - +1.31 
12 CC chemokine ligand 21 CCL21 NM_001005258 - - - -1.41 
13 Serum amyloid A protein SAA NM_001003050 - - +1.67 - 
14 Ferritin, heavy polypeptide 1 FTH1 NM_001003080 - - +1.30 +1.59 
15 Dual oxidase 1 DUOX1 NM_001003122 - - - -1.54 
16 NADPH Thyroid Oxidase THOX2  - - -1.17 - 
Hormones and Growth Factors     
17 Parathyroid hormone-like hormone PTHLH NM_001003303 - - +3.09 - 
18 Vascular endothelial growth factor VGEF NM_001003175 - - - +1.32 
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CellGrowth and differentiation     
20 Serine peptidase inhibitor, Kazal type 5 SPINK5 NM_001025397 - - - -3.34 
21 Protein phosphatase 2 alpha isoform PPP2CA NM_001003603 - - -1.24 -1.00 
22 Podoplanin PDPN NM_001003220 - - +1.09 - 
23 Cyclin D1 CCND1 NM_001005757 - - -1.77 - 
Transcription regulation     
24 High mobility group AT-hook 1 HMGA1 NM_001003387 +1.25 - -1.20 - 
25 Y-box protein ZONAB-A ZONAB NM_001003127 - - -1.25 - 
26 Mdm2, transformed 3T3 cell double 
minute 2, p53 binding protein MDM2 NM_001003103 - - - +1.11 
Signal Transdction     
27 Chemokine (C-C motif) receptor 5 CCR5 NM_001012342 - - +1.49 - 
ECM and Transport Molecules     
28 Neuron glucose transporter 3 GLUT3 NM_001003308 - - - +1.02 
29 Rab12 proteinnb RAB12 XM_537327 XP_537327 - - - +1.15 
30 Solute carrier family 2 (facilitated glucose  transporter), member 3 SLC2A3 NM_001003308 - - - +1.17 
31 Chloride channel 3 CLCN3 NM_001025619 - - -1.01 - 
32 Cytochrome P-450 3A12 CYP3A12 NM_001003340 - - -2.20 - 
Metabolism and Proteolysis     
33 Cathepsin S CTSS NM_001002938 - - +1.08 +1.16 
34 Matrix metallopeptidase 3 (stromelysin 1, progelatinase) MMP3 NM_001002967 - - +1.55 - 
35 Matrix metallopeptidase 13 (collagenase 3) MMP13 
XM_536598 
XP_536598 - - - +1.20 
36 
Phosphorylase, glycogen; liver (Hers 
disease, glycogen storage disease type 
VI) 
PYGL XM_537443 XP_537443 - - -1.11 - 
37 Carbonic anhydrase CA6 NM_001002999 - - -3.86 - 
38 Superoxide dismutase 1 SOD1 NM_001003035 - - -1.25 - 
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40 Mastin LOC448801 NM_001005260 - - - -1.92 
Protein Biosynthesis     
41 Prostaglandin-endoperoxide synthase 2 PTGS2 NM_001003354 - - -1.11 - 
42 
Transglutaminase 1 (K polypeptide 
epidermal type I, protein-glutamine-
gamma-glutamyltransferase) 
TGM1 NM_001003079 - - -1.07 -3.79 
43 Tyrosinase (oculocutaneous albinism IA) TYR NM_001002941 - - -1.60 - 
44 Eukaryotic translation elongation factor 1 alpha 1 EEF1A1 
XM_532203 
XP_532203 - - - +1.24 
45 Heat Shock 27kDa Protein HSPB1 NM_001003295 - - - -1.04 
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Table 12: Primer sequence for RT-PCR 
 
Gene Title Gene Symbol 
Gene Bank 





TIMP metallopeptidase inhibitor 1 TIMP1 NM_001003182.1 L 5’-agacctatgctgctggctgt-3’ R 5’-gctctggaaacccttgtcag-3’ 131 59.94 
RAB7, member RAS oncogene 
family RAB7 NM_001003316.1 
L 5’-gcagtgagagcagagcacag-3’ 
R 5’-gtcttttggcagctggattc-3’ 125 60.32 
Collagen, type I, alpha 1 COL1A1 NM_001003090.1 L 5’-gcctcccagaacatcaccta-3’ R 5’-ggatctcgatctcgttggaa-3’ 112 60.07 
Ras-related C3 botulinumtoxin 
substrate 1 RAC1 NM_001003274.2 
L 5’-gctattcgagcggttctctg-3’ 
R 5’-gaaggctccaccatttttga-3’ 135 60.08 
Guanine nucleotide binding 
protein, beta polypeptide 1 GNB1 NM_001003236.1 
L 5’-cttgtgatgcttcagccaaa-3’ 
R 5’-tcatctgaaccagtggcaaa-3’ 133 60.12 
Ferritin, light polypeptide FTL NM_001024636.1 L 5’-gcttctggagaagagcctga-3’ R 5’-cgcccatcttcttgatgagt-3’ 134 60.32 
Translocation 
associatedmembrane protein 1 TRAM1 NM_00103267.1 
L 5’-cagtctgtgagcagctggag-3’ 
R 5’-aggatgaattcgtggctcag-3’ 126 59.95 
Protein kinase C, delta PRKCD NM_001008716.1 L 5’-gggatgtgcaaggagaacat-3’ R 5’-aaaggaccaccagtccacag-3’ 126 59.87 
Signal recognition particle 54kDa SRP54 NM_001003272.1 L 5’-tgaatcaacaaatggccaaa-3’ R 5’-ctttcatattgccagcagca-3’ 117 59.50 
Tubulin, gamma 1 TUBG1 NM_001003105.1 L 5’-cactcctcgactccacttcc-3’R 5’-
ctgtggacaccatcacgttc-3’ 137 60.03 
Lectin, mannose-binding 2 LMAN2 NM_001003258.1 L 5’-gggaggaaactgtgtttgga-3’ R 5’-cacgctgcacagaacaaaat-3’ 129 59.92 
Vascular endothelial growth 
factor VEGF NM_001003175.1 
L 5’-cgcaagaaatcccggtataa-3’ 
R 5’-gcgagtctgtgtttttgcag-3’ 121 59.71 
Chemokine (C-C motif) ligand 5 CCL5 NM_001003010.1 L 5’- gctctgcagtcaggaaggag-3’ R 5’-ggctgagaggatagctgtgg-3’ 130 60.15 
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dehydrogenase R 5’-ggcaggtcagatccacaact-3’ 
Amyloid beta (A4) precursor 
protein APP NM_001006601.1 
L 5’-ccgtgctgaacagaaagaca-3’ 
R 5’-gttcatgcgctcgtaaatca-3’ 133 59.86 
Heat shock 27kDa protein 1 HSPB1 NM_001003295.1 L 5’-ggtggagataactggcaagc-3’ R 5-ggaggaggagaccagggtag-3’ 118 60.01 
Heat shock protein 70 HSP70 NM_001003067.1 L 5’-caagatcaccatcaccaacg-3’ R 5’gttcttggcagacaccctgt-3’ 124 60.15 
Myeloid cell leukemia sequence 
1 MCL1 NM_001003016.1 
L 5’-atgagttgtaccggcagtcc-3’ 
R 5’-gagggtctctaacgccttcc-3’ 125 59.76 
Glucuronidase, beta GUSB NM_001003191.1 L 5’-cctgaagcctgctgcttact-3’ R 5’-cagatgacgtccacatacgg-3’ 135 59.99 
High-mobility group box 1 HMGB1 NM_001002937.1 L 5’-ccattggtgatgttgcaaag-3’ R 5’-cggtacgcagcaatatcctt-3’ 127 60.00 
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Table 13: Light Cycler experimental protocol for ROCHE Light cycler version 3.0 
 
Value Parameter 
Denaturation Annealing Melting Curve Cooling 
Display Mode F1 F1 F1 F1 
Cycles 1 45 1 1 























(h:min:s) 10 0 10 
Depending on 
the amplicon** 0 15-2:00 0 30 
Temperature 
transition rate 20 20 20 20 20 20 0.1 20 
Acquisition 
mode none None None Single None None Cont. None 
*The Target temperature is (Primer annealing temperature) is set 50C below the calculated Primer Tm.  
 Tm = 20 C (A+T) +40 C (G+C) 
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Table 14: Comparison of micro array and RT-PCR Results 
 
Fold changes (log2) Paired samples correlations 












array Cor. Sig. Cor Sig. Cor. Sig. 
TIMP1 0.37 0.07 2.52 2.14 5.18 3.45 -.260 .500 .844 .004 .782 .013 
RAB7 0.02 -0.03 4.36 2.41 4.44 3.02 .254 .510 .652 .057 .315 .409 
COL1A1 -0.12 0.04 1.46 2.22 4.06 2.70 .246 .524 .147 .705 .387 .304 
RAC1 -0.31 0.02 3.22 2.07 3.44 2.33 .760 .017 .279 .467 .508 .162 
GNB1 0.64 0.02 1.88 1.99 2.19 2.12 .670 .048 .615 .078 .195 .614 
FTL 0.32 0.02 2.04 1.19 3.29 2.35 .648 .059 -.146 .707 -.107 .784 
TRAM1 -0.02 0.13 2.01 1.42 2.48 1.44 -.810 .008 -.331 .385 .606 .084 
PRKCD 0.02 0.02 2.06 0.91 2.51 1.13 * * -.686 .041 -.779 .013 
SRP54 0.02 0.03 2.62 0.83 2.59 1.04 -.220 .569 .065 .868 .657 .054 
TUBG1 0.02 0.02 2.06 1.07 2.46 0.93 * * -.607 .083 -.314 .411 
LMAN2 0.02 0.20 1.83 6.71 2.23 2.33 -.560 .117 .712 .032 -.263 .495 
VEGF 0.17 0.23 0.34 1.24 2.05 1.61 -.515 .156 -.603 .086 -.061 .876 
CCL5 0.02 0.27 0.54 4.65 1.63 1.44 .576 .105 -.108 .782 -.391 .298 
AAP 0.08 0.02 0.53 1.20 1.48 1.25 .797 .010 -.754 .019 -.168 .666 
HSPB1 0.09 0.02 5.92 1.38 5.29 2.09 .680 .044 -.677 .045 .414 .268 
HSP70 -0.08 0.01 -1.69 0.94 -2.06 1.59 .353 .352 -.205 .597 -.105 .789 
MCL1 -0.15 -0.02 2.62 1.00 2.33 1.43 .727 .026 .240 .533 .423 .257 
GUSB 0.02 -0.02 2.08 1.50 2.58 2.19 -.366 .333 .144 .711 .967 .000 
HMGB1 -0.26 0.01 3.37 -0.02 3.53 1.02 -.582 .100 .523 .148 -.154 .693 
ZONAB 0.57 0.01 3.46 0.85 1.95 1.94 -.653 .056 .476 .196 .327 .391 
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Figure 1: Structure of tooth 
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Ranking the genes using Modified 
Significance analysis of Microarrays 
(SAM). The cut-off value for the modified 
SAM is selected based on FDR (false 
discovery rate) at 5% level. Biological 
reasoning is applied. 
 
Gene Ontology (NetAffx analysis centre) 
MeSH Database 
Pubmed Literature Search 
 
To extract gene expression 
intensity for each probe-set. 
 
-To remove the inherent 
measurement errors in the 
microarray measured intensity 
-To eliminate systematic variation 
between different arrays so that 
they are comparable 
-To remove the non-biological 
differences between two samples 
for correct identification of 
differentially expressed genes 
 
To extract genes with expression 
significantly altered in the log 
scale  
-To discard genes with low 
expression levels and 
insignificant fold differences.  
 
To categorize genes into 
functional categories relevant 
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Figure 3: Sample wise hierarchical clustering- Temporal comparison of periodontal ligament- Immediate (favorable) group  
Temporal Comparison 
 
Tissue: Periodontal Ligament 
 
Condition: Immediate Replantation 
 
Control group: 0 Hour- Immediate group 
 
Experimental group- 1, 3, 7 Day Immediate 
group 
 
Comparisons: 1 Imm Vs 0 Imm (Imm 1/0) 
3 Imm Vs 0 Imm (Imm 3/0) 
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Figure 4: Sample wise hierarchical clustering- temporal comparison of periodontal ligament- Delayed (un Favorable) group  
Temporal Comparison 
 
Tissue: Periodontal Ligament 
 
Condition: Delayed Replantation 
 
Control group: 0 Hour -Delayed group 
 
Experimental group- 1, 3, 7 Day 
                                       Delayed group 
Comparisons: 1 Del Vs 0 Del (Del1/0) 
                         3 Del Vs 0 Del (Del 3/0) 











Figure 5: Sample wise hierarchical clustering- Temporal comparison of PDL- Immediate/Delayed group combined cluster 
Temporal Comparison 
 
Tissue: Periodontal Ligament 
 
Condition: Immediate Replantation and 
delayed replantation 
 
Control group: 0 Hour- Immediate   
                           Group / delayed 
 
Experimental group- 1, 3, 7   Day 











Figure 6: Sample wise hierarchical clustering- Temporal comparison of Alveolar bone- Immediate (favorable) group  
Temporal Comparison 
 
Tissue: Alveolar Bone 
 
Condition: Immediate Replantation 
 
Control group: 0 Hour- Immediate group 
 
Experimental group- 1, 3, 7 Day 
                                       Immediate group 
Comparisons: 1 Imm Vs 0 Imm (Imm 1/0) 
                         3 Imm Vs 0 Imm (Imm 3/0) 











Figure 7: Sample wise hierarchical clustering- Temporal comparison of alveolar bone- Delayed (un Favorable) group cluster 
Temporal Comparison 
 
Tissue: Alveolar Bone 
 
Condition: Delayed Replantation 
 
Control group: 0 Hour- Delayed 
group 
 
Experimental group- 1, 3, 7   Day 
                                       Delayed group 
Comparisons: 1 Del Vs 0 Del (Del1/0) 
                         3 Del Vs 0 Del (Del 3/0) 
                         7 Del Vs 0 Del (Del 7/0) 
 















Figure 8: Sample wise hierarchical clustering- temporal comparison of alveolar bone – Imm/Del group combined cluster 
Temporal Comparison 
 
Tissue: Alveolar Bone 
 
Condition: Immediate Replantation and 
delayed replantation 
 
Control group: 0 Hour- Immediate   
                           Group /delayed Group 
 
Experimental group- 1, 3, 7 Day 











Figure 9: Sample wise hierarchical clustering- Conditional comparison of PDL  
Conditional Comparison 
 
Tissue: Periodontal Ligament 
 
Condition: Delayed Replantation/Immediate 
replantation 
 
Control group:  Immediate group 
 
Experimental group- 0, 1, 3, 7   Delayed 
group 
 
Comparisons: 0 Del Vs 0 Imm 
                         1 Del Vs 1 Imm 
                         3 Del Vs 3 Imm  










Figure 10: Sample wise hierarchical clustering- Conditional comparison alveolar bone 
Conditional Comparison 
 
Tissue: Alveolar Bone 
 
Condition: Delayed Replantation/Immediate 
replantation 
 
Control group:  Immediate group 
 
Experimental group- 0, 1, 3, 7    
                          Delayed group 
 
Comparisons:  0 Del Vs 0 Imm 
                         1 Del Vs 1 Imm 
                         3 Del Vs 3 Imm  












Figure 11: Sample wise hierarchical clustering- Topographic comparison PDL and alveolar bone - Immediate (favorable) group  
Topographic Comparison (Temporal) 
 
Tissue: Alveolar Bone / Periodontal Ligament 
 
Condition: Immediate Replantation  
 
Control group: 0 Hour Immediate group 
 















Figure 12: Sample wise hierarchical clustering- Topographic comparison PDL and alveolar bone- Delayed (un Favorable) group 
 
Topographic Comparison (Temporal) 
 
Tissue: Alveolar Bone / Periodontal 
Ligament 
 
Condition: Delayed Replantation  
 
Control group: 0- Delayed Group 
 











Figure 13: Sample wise hierarchical clustering- Topographic comparison 
Topographic Comparison (Conditional) 
 
 Tissue: Periodontal Ligament /Alveolar Bone 
 
Condition: Delayed / Immediate 
                                          
Control group:  Immediate group 
 
Experimental group- 0, 1, 3, 7   Delayed group 
 
Comparisons:  
                         0 Del Vs 0 Imm 
                         1 Del Vs 1 Imm 
                         3 Del Vs 3 Imm  
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Figure 14: Gene expression pattern for alveolar bone -Conditional comparison 








Figure 15: Gene expression pattern for alveolar bone at 0 Hour -Conditional comparison 
Genes with Known Function and Gene 
Names 
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Figure 16: Gene expression pattern for alveolar bone at 1 Day –Conditional comparison 
Genes above 2 fold 
change 









Figure 17: Gene expression pattern for alveolar bone at 1 Day -Conditional comparison 
Genes above 2 
fold change 










Figure 18: Gene expression pattern for alveolar bone at 3 Day -Conditional comparison 
Genes above 2 




                                                                  Molecular Profile Of Periodontal Tissue Following Tooth Replantation 
 199 
 
Figure 19: Gene expression pattern for PDL -Conditional comparison 









Figure 20: Gene expression pattern for PDL at 0 Hour -Conditional comparison 
Genes above 2 fold 
change 
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Figure 21: Gene expression pattern for PDL at 1 Day -Conditional comparison 
Genes above 2 fold 
change 










Figure 22: Gene expression pattern for PDL at 3 Day -Conditional comparison 
Genes above 2 
fold change 
Genes with Known 









Figure 23: Gene expression pattern for PDL 7 Day -Conditional comparison 
Genes above 2 fold 
change 
Genes with Known 








Figure 24: Gene expression pattern for PDL immedaite group –Temporal comparison 
EXPRESSED ON ALL 3 
DAYS 
EXPREESED ON DAY 
3 AND 7 
EXPRESSED ON DAY 3 
EXPRESSED ON DAY 2 








Figure 25: Gene expression pattern for PDL delayed group –Temporal comparison 
EXPRESSED ON ALL 
3 DAYS 
EXPRESSED ON DAY 













Figure 26: Gene expression pattern for alveolar bone immedaite group –Temporal 
comparison 
EXPRESSED ON ALL 3 
DAYS 
EXPRESSED ON DAY 1 
AND 3  
EXPRESSED ON DAY 3 
AND 7 
EXPRESSED ON DAY 1 
AND 7DAYS 
EXPRESSED ON DAY 1  
EXPRESSED ON DAY 3 










Figure 27: Gene expression pattern for alveolar bone delayed group –Temporal comparison 
EXPRESSED ON ALL 3 
DAYS 
EXPRESSED ON DAY 1 
AND 3  
EXPRESSED ON DAY 3 
AND 7 
EXPRESSED ON DAY 1 
AND 7DAYS 
EXPRESSED ON DAY 1  
EXPRESSED ON DAY 7 









Figure 28: Lightcycler version (ROCHE, Germany) 
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1- GAPDH          11 - AAP                21- HMGB1 
2- TIMP1            12- HSPB1 
3-RAB7               13- HSP70 
4-COL1A1          14- MCL1 
5-RAC1              15- GUSB 
6-GNB1              16- ZONAB 
7-FTL                 17- PRKCD 
8-TRAM1          18- SRP54 
9-TUBG1           19- LMAN2 
10-CCL5            20- VEGF 
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Graph 5: Relative comparison between microarray and RT-PCR data for expression levels 
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Graph 6: Relative comparison between microarray and RT-PCR data for expression levels 





















































































INTRACELLULAR ADHESION MOLECULE-1: ICAM1 








































DESMOGLEIN- 3: DSG3 





















































VASCULAR ENDOTHELIAL GROWTH FACTOR: VEGF 


















































































































                                        Molecular Profile Of Periodontal Tissue Following Tooth Replantation- Canine Model 
 222 
Protocols 
Protocol 1: Isolation of total RNA 
RNeasy Mini Kit (Qiagen GmbH, Hilden) was used to isolate RNA from the periodontal 
Steps: 
Prior to proceeding to the RNA isolation method proper, a few preliminary steps were 
performed as it was deemed necessary for our samples.  
1. The RNAlater stabilized samples were removed from the vials using sterile forceps 
and was placed on a sterile 25mm Petri dish filled with 750µl of sterile PBS. Using a sterile 
scalpel blade no 15, the periodontal ligament from the midroot portion was gently scraped 
and teased on to the Petri dish. The tissue suspended in PBS was collected in an RNAse-
free flat end Eppendorf tube and centrifuged for 30 seconds at a speed of 13,200 rpm. The 
supernatant was carefully discarded leaving behind the tissue pellet. 600µl of lysis buffer 
RLT was added to the tissue pellet for easier disruption and homogenization. The tissue was 
homogenized thoroughly in a rotor-stator homogenizer for 1 minute. This method enables 
simultaneous disruption and homogenization of the cells facilitating a higher total RNA yield 
in a single step. 
2. The tissue lysate was centrifuged for 3 minutes at maximum speed in a microcentrifuge 
and the supernatant was transferred to a new microcentrifuge tube by pipetting and used in 
subsequent steps.1 volume of ethaol (600µl) is added to the clear lysate and mixed 
thoroughly by pipetting. Up to 700 µl of the sample is added to the RNeasy mini column 
placed in a 2ml collection tube. The tube is closed and centrifuged for 15 seconds at 
13,000rpm. The remaining samples were also added to the mini column and centrifuged 
similarly. The flow-through was discarded. 
3. 700 µl of Buffer RW1 is added to the RNeasy mini column. The tube is closed and 
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4. The RNeasy mini column is transferred to a new 2 ml collection tube. 500µl of Buffer 
RPE is added to RNeasy column. The tube is closed and centrifuged for 15 seconds at 
13,000 rpm to wash the column. The flow-through was discarded. 
5. Another 500µl of Buffer RPE is added to the RNeasy column. The tube is closed and 
centrifuged for 2 minutes at 13,000 rpm to dry the RNeasy silica-gel membrane column. The 
flow-through and the collection tube were discarded. 
6. The RNeasy mini column was placed in a new 2ml collection tube and centrifuged in a 
microcentrifuge at 13,200 rpm for 1 minute. 
7. To elute, The RNeasy column was transferred to a new 1.5ml collection tube. 35µl of 
RNase free water was added directly onto the RNeasy silica-gel membrane. The tube is 
closed gently and centrifuged for 1 minute at 13,200 rpm to elute. 
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Protocol 2: RNA 6000 nano assay protocol 
Preparing the gel 
1. 550µl of RNA6000 Nano Gel matrix was put into a spin filter and centrifuged at 4000 
rpm for 10 minutes. 65µl of filtered gel was aliquotted into 0.5ml RNase-free microfuge 
tubes. 
Preparing the Gel-Dye Mix 
2. The RNA 6000 Nano dye concentrate was allowed to equilibrate to room temperature 
for 30 min. The RNA 6000 Nano dye concentrate was vortexed for 10 seconds and was 
spun down. 1 µl of dye was added into a 65µl aliquot of filtered gel. 
Loading the Gel-Dye Mix 
3. A new RNA chip was placed on the chip priming station. 9µl of gel-dye mix was 
pipetted in the well marked G. The chip priming station was closed and the plunger was 
pressed until it was held by the clip. The clip was released exactly after 30 seconds. 9 µl of 
gel-dye mix was pipetted in the other wells marked G. The remaining gel-dye mix was 
discarded. 
Loading the RNA 6000 Nano Marker 
4. 5 µl of RNA 6000 Nano Marker was pipetted into the wells marked as ladder and in 
all the 12 sample wells. 
Loading the Ladder and Samples 
5. 1µl of RNA6000 Ladder (Ambion Inc., Germany) was pipetted in well marked as 
ladder. 1µl of the sample was pipetted into all the 12 wells. The chip was placed in the 
adapter and vortexed for 1 minute at an indicated setting of 2400 rpm. The chip is then run 
on the Agilent 2100 Bioanalyzer within 5 minutes. 
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Protocol 3: Two-cycle eukaryotic target labeling assay and eukaryotic target 
hybridization 
A. Target preparation 
Two-cycle cDNA synthesis 
Preparation of poly-A RNA controls for two-cycle cDNA synthesis (Spike-in controls) 
• Each eukaryotic genechip probe array contains probe sets for several B. subtilis genes that 
are absent in eukaryotic samples (lys, phe, thr, and dap). These serve as exogenous 
positive controls to monitor the entire eukaryotic target labeling process. 
• The concentrated Poly-A Control Stock is diluted with the Poly-A Control Diluted Buffer and 
spiked directly into the RNA samples to achieve the final concentrations.  
• The controls are then amplified and labeled together with the samples.  
• To prepare the poly-A RNA dilutions for 50 ng of total RNA, serial dilutions are done as 
follows: 
• I Dilution   = 1:20  
• II Dilution   = 1:50 
• III Dilution = 1:50  
• IV Dilution = 1:2  
Step 1: Preparation of T7-Oligo (dT) primer/poly-A controls Mix 
• A fresh dilution of the T7-Oligo (dT) Primer was prepared from 50 µM to 5 µM.  
• 2 µL of the diluted poly-A RNA controls was added to 2 µL of concentrated T7-Oligo (dT) 
Primer using a non-stick RNase-free microfuge tube.  
• 16 µL of RNase-free Water was added to make up a total volume of 20 µL 
Step 2: First-cycle, first-strand cDNA synthesis using two-cycle cDNA synthesis Kit  
• 3 µL Total RNA sample and 2 µL T7-Oligo(dT) Primer/Poly-A Controls Mix are mixed by 
flicking and brief centrifuging(~5 Seconds) followed by  6 minutes incubation at 70°C. 
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• First-Cycle, First-Strand Master Mix was prepared for all of the total RNA by adding the 
following reagents and brief centrifuging (~5 Seconds). 
• For each sample, 
• 5X 1st Strand Reaction Mix  2.0 µL 
• DTT, 0.1M   1.0 µL 
• RNase Inhibitor  0.5 µL 
• dNTP, 10 Mm   0.5 µL 
• SuperScript II   1.0 µL 
• 5 µL of First-Cycle, First-Strand Master Mix was transferred to each total RNA sample 
• T7-Oligo (dT) Primer/Poly-A Controls are mixed from the previous step for a final volume of 
10 µL, mixed, Centrifuged briefly (~5 seconds) and immediately placed at 42°C for 1 hr 
incubation. 
• The sample was then heated at 70°C for 10 minutes to inactivate the RT enzyme and cooled 
for at least 2 minutes at 4°C. 
• After the 2 minute incubation at 4°C, the tube is centrifuged briefly (~5 seconds) to collect 
the reaction at the bottom of the tube. 
 Step 3: First-cycle, second-strand cDNA synthesis using two-cycle cDNA synthesis kit 
First-Cycle, Second-Strand Master Mix is prepared by sequentially adding in the following 
reagents: 
• RNase-free Water               4.8 µL 
• Freshly diluted MgCl2,     17.5 mM* 4.0 µL 
• dNTP, 10mM                     0.4 µL 
• E.coli DNA Polymerase I   0.6 µL 
• RNase H                              0.2 µL 
10 µL of the First-cycle, second-strand master mix was added to each sample from Step 
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incubated for 2 hours at 16°C, then 10 minutes at 75°C, cooled for at least 2 minutes at 4°C 
and centrifuge the tube briefly (~5 seconds) to collect the reaction at the bottom of the tube.  
Step 4: First-cycle, IVT amplification of cRNA using MEGA script® T7 kit (Ambion, Inc.)  
IVT Master Mix is prepared at room temperature by sequentially adding in the following 
reagents, mixing and centrifuging briefly. 
• 10X Reaction Buffer 5 µL 
• ATP Solution             5 µL 
• CTP Solution             5 µL 
• UTP Solution             5 µL 
• GTP Solution             5 µL 
• Enzyme Mix               5 µL 
• Total Volume          30 µL 
30 µL of First-Cycle, IVT Master Mix is transferred to each 20 µL of cDNA sample from Step 
3: First-Cycle, Second-Strand cDNA Synthesis at room temperature to make up a final 
volume of 50 µL. 
After 16 hours incubation at 37°C, the sample was ready for purification.  
Step 5: First-cycle, cleanup of cRNA using sample cleanup module  
• 50 µL of RNase-free Water was added to the IVT reaction and mixed by vortexing for 3 
seconds. 
• 350 µL IVT cRNA Binding Buffer was added to the sample and mixed by vortexing for 3 
seconds. 
• 250 µL of ethanol (96-100%) was added to the lysate, and mixed well by pipetting. 
• 700 µL of the sample was applied to the IVT cRNA Cleanup Spin Column sitting in a 2 mL 
collection Tube, Centrifuged for 15 seconds at 13,000rpm. The flow-through and Collection 
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• The spin column was transferred into a new 2 ml Collection Tube and 500 µL IVT cRNA 
Wash Buffer was pipetted onto the spin column, centrifuged for 15 seconds at 13,000 rpm to 
wash. The flow-through was discarded. 
• 500 µL 80% (v/v) ethanol was pipetted onto the spin column centrifuged for 15 seconds at 
13,000rpm and the flow-through was discarded. 
• The spin column was centrifuged with the cap open for 5 minutes at maximum speed 13,000 
rpm so as to allow complete drying of the membrane. The flow-through and collection tube 
was discarded. 
• The spin column was transferred into a new 1.5 mL Collection Tube (supplied) and 13 µL of 
RNase-free Water was pipetted directly onto the spin column membrane and centrifuged for 
1 minute at maximum speed 13,000 rpm to elute. The average volume of elute was 11 µL 
from 13 µL RNase-free Water. 
• The cRNA yield was determined, by removing 2 µL of the cRNA and adding 78 µL of water 
to measure the absorbance at 260 nm. (Table). 600 ng of cRNA was used in the following 
Step 6: Second-Cycle, First-Strand cDNA Synthesis Reaction. 
Step 6: Second-cycle, first-strand cDNA synthesis using two-cycle cDNA synthesis kit  
•  cRNA from previous step (not more than 600ng) is mixed with 2 µL freshly diluted random 
primers (final concentration 0.2 µg/µL). 
• RNase-free Water was added accordingly to adjust for a final volume of 11 µL and incubated 
for 10 minutes at 70°C, cooled at 4°C for at least 2 minutes.  
• The Second-Cycle, First-Strand Master Mix is assembled by adding in the following 
reagents: 
• 5X 1st Strand Reaction Mix  4 µL 
• DTT, 0.1M     2 µL 
• RNase Inhibitor   1 µL 
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• SuperScript II    1 µL 
• Total Volume    9 µL 
• 9 µL of Second-Cycle, First-Strand Master Mix was transferred to each cRNA random primer 
sample from Step 6: Second-Cycle, First-Strand cDNA Synthesis for a final volume of 20 µL 
and placed at 42°C immediately. 
• After 1 hour incubation at 42°C, the sample is cooled for at least 2 minutes at 4°C, 
centrifuged briefly (~5 seconds) to collect the reaction at the bottom of the tube. 
• 1 µL of RNase H was added to each sample for a final volume of 21 µL, mixed thoroughly 
and centrifuged briefly (~5 seconds) and incubated for 20 minutes at 37°C. 
• The sample is heated at 95°C for 5 minutes and cooled for at least 2 minutes at 4°C. 
Step 7: Second-cycle, second-strand cDNA synthesis using two-cycle cDNA synthesis 
kit  
• 4 µL of freshly diluted diluted T7-Oligo(dT) Primer (final concentration 5 µM) was added to 
each sample from Step 6: Second-Cycle,First-Strand cDNA Synthesis, for a final volume of 
25 µL and incubated for 6 minutes at 70°C.The sample was cooled at 4°C for at least 2 
minutes and Centrifuge briefly (~5 seconds) to collect sample at the bottom of the tube. 
• In a separate tube, the Second-Cycle, Second-Strand Master Mix was assembled using: 
• RNase-free Water   88 µL 
• 5X 2nd Strand Reaction Mix  30 µL 
• dNTP 10mM    3 µL 
• E.coli DNA Polymerase I  4 µL 
• Total Volume    125 µL 
• 125 µL of the Second-Cycle, Second-Strand Master Mix was added to each sample from 
Step 7: Second-Cycle, Second-Strand cDNA Synthesis, for a total volume of 150 µL, mixed 
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• The sample was incubated for 2 hours at 16°C after which 2 µL of T4 DNA Polymerase is 
added to the samples for a final volume of 152 µL.  
• The sample was incubated for 10 minutes at 16°C, cooled at 4°C for at least 2 minutes and 
centrifuge briefly (~5 seconds) to collect sample at the bottom of the tube. 
Cleanup of double-stranded cDNA using sample cleanup module  
• 24 mL of ethanol (96-100%) was mixed with cDNA Wash Buffer to obtain a working solution. 
• 600 µL of cDNA Binding Buffer was added to the double-stranded cDNA synthesis 
preparation and mixed by vortexing for 3 seconds. 
• 500 µL of the sample was applied to the cDNA Cleanup Spin Column sitting in a 2 mL 
collection Tube and centrifuged for 1 minute at ≥ 8,000 x g (≥ 10,000 rpm).The flow-through 
was discarded. 
• The spin column was reloaded with the remaining mixture and centrifuged as above. The 
flow-through and collection tube was discarded. 
• The spin column was transferred into a new 2 mL Collection Tube .750 µL of the cDNA 
Wash Buffer is pipetted onto the spin column and centrifuged for 1 minute 13,000 rpm. The 
flow-through was discarded. 
• The spin column was centrifuged with the cap open for 5 minutes at maximum speed 13,000 
rpm so as to allow complete drying of the membrane. The flow-through and collection tube 
was discarded. 
• The spin column was transferred into a new 1.5 mL Collection Tube (supplied) and 14µL of 
cDNA Elution Buffer was pipetted directly onto the spin column membrane and centrifuged 
for 1 minute at maximum speed 13,000 rpm to elute. The average volume of elute was 12 µL 
from 14 µL of cDNA Elution Buffer. 
Synthesis of biotin-labeled cRNA using genechip IVT labeling kit  
• For a total RNA of 10 to 100 ng all (~12 µL) of the template cDNA is used. 
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o IVT Labeling NTP Mix      12 µL 
o IVT Labeling Enzyme Mix   4 µL 
o RNase-free Water- variable to give a final reaction volume of 40 µL. 
• The reagents were mixed and collected by brief (~5 seconds) micro centrifugation. 
• The mix was incubated at 37°C for 16 hours.  
Cleanup and quantification of biotin-labeled cRNA using sample cleanup module 
60 µL of RNase-free Water was added to the IVT reaction and mixed by vortexing for 3 
seconds. 
• 350 µL IVT cRNA Binding Buffer was added to the sample and mixed by vortexing for 3 
seconds. 
• 250µL ethanol (96-100%) was added to the lysate, and mixed well by pipetting. 
• 700 µL was applied to the IVT cRNA Cleanup Spin Column sitting in a 2mL collection Tube, 
centrifuged for 15 seconds at  13,000 rpm. The flow-through and Collection Tube is 
discarded. The spin column was transferred into a new 2 ml collection tube. 
• 500 µL IVT cRNA Wash Buffer was pipetted onto the spin column, centrifuged for 15 
seconds at 13,000 rpm to wash. The flow-through was discarded. 
• 500 µL 80% (v/v) ethanol was pipetted onto the spin column and centrifuged for 15 seconds 
at 13,000 rpm. The flow-through was discarded. 
• The spin column was centrifuged with the cap open for 5 minutes at maximum speed 13,000 
rpm so as to allow complete drying of the membrane. The flow-through and collection tube 
was discarded Open the cap of the spin column and centrifuge for 5 minutes at maximum 
speed 13,000 rpm The flow-through and collection tube was discarded. Centrifugation with 
open caps allows complete drying of the membrane. 
• The spin column was transferred into a new 1.5 ml Collection Tube (supplied) and 11µL of 
RNase-free Water was pipetted directly onto the spin column membrane and centrifuged for 
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directly onto the spin column membrane and centrifuged 1 minute at maximum speed 
13,000 rpm to elute. 
• For subsequent photometric quantification of the purified cRNA, the elute was diluted 
between 1:150 fold  
Step 2: Quantification of the cRNA   
• Spectrophotometric analysis was used to determine the cRNA yield. (Table 4a,4b) 
• The convention that 1 absorbance unit at 260 nm equals 40 µg/mL RNA was applied. 
• The absorbance at 260 nm and 280 nm was checked to determine sample concentration 
and purity. The A260/A280 ratio was maintained close to 2.0 for pure RNA (ratios between 
1.9 and 2.1 are considered acceptable). 
• For quantification of cRNA when using total RNA as starting material, an adjusted cRNA 
yield was calculated to reflect carryover of unlabeled total RNA. Using an estimate of 100% 
carryover, the formula below was used to determine adjusted cRNA yield: 
Adjusted cRNA yield = RNAm - (total RNAi) (y) where, 
RNAm = amount of cRNA measured after IVT (µg) 
Total RNAi = starting amount of total RNA (µg) 
y = fraction of cDNA reaction used in IVT 
Fragmenting the cRNA for target preparation using sample cleanup module  
• Fragmentation of cRNA target before hybridization onto Genechip probe arrays has been 
shown to be critical in obtaining optimal assay sensitivity. 
• The Fragmentation Buffer has been optimized to break down full-length cRNA to 35 to 200 
base fragments by metal-induced hydrolysis. 
• For the 64 format array the following reagents were mixed with the samples 
• cRNA     20 µg (1 to 21 µL)  
• 5X Fragmentation Buffer  8 µL  
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• Total Volume    40 µL 
Incubate at 94°C for 35 minutes. Put on ice following the incubation. 
After fragmentation, the distribution of RNA fragment sizes was evaluated using Bioanalyzer 
and was found to be approximately 35 to 200 bases which is essential for assay sensitivity. 
(Graph 2) 
B. Target hybridization 
Reagent preparation 
Preparation of 12X MES Stock Buffer 
• (1.22M MES, 0.89M [Na+]) 
• 64.61g of MES hydrate 
• 193.3g of MES Sodium Salt 
• 800 mL of Molecular Biology Grade water 
The above salts were mixed and the volume was adjusted to 1,000 mL. 
Using a pH meter, the pH was checked to be between 6.5 and 6.7 and filtered through a 0.2 
µm filter. 
2X Hybridization buffer 
(Final 1X concentration is 100 mM MES, 1M [Na+], 20 mM EDTA, 0.01% Tween-20) 
For 50 ml: 
• 8.3 ml of 12X MES Stock Buffer 
• 17.7 ml of 5M NaCl 
• 4.0 ml of 0.5M EDTA 
• 1ml of 10% Tween-20 
• 19.9 ml of water 
The above mentioned reagents were mixed and stored at 2°C to 8°C, and shielded from 
light. 
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• Mix the following for each target, scaling up volumes for hybridization to multiple probe 
arrays. 
• Fragmented cRNA        15 µg  
• Control Oligonucleotide B2 (3 nM)      5 µl  
• 20X Eukaryotic Hybridization Controls (bioB, bioC, bioD, cre)  15 µl 
• Herring Sperm DNA (10 mg/ml)       3 µl  
• BSA (50 mg/ml)        3 µl  
• 2X Hybridization Buffer        150 µl  
• DMSO          30 µl  
• H2O to final volume of        300 µL  
• Final volume          300 µl  
• The probe array was equilibrated to room temperature immediately before use. 
• The hybridization cocktail was heated to 99°C for 5 minutes in a heat block. 
• Meanwhile the array was wetted by filling it through one of the septa with appropriate volume 
(250 µL of 1X Hybridization Buffer using a micropipettor and appropriate tips.  
• The probe array filled with 1X Hybridization Buffer was incubated at 45°C for 10 minutes with 
rotation. 
• The hybridization cocktail that has been heated at 99°C is transferred to a 45°C heat block 
for 5 minutes. 
• The hybridization cocktail(s) was spun at maximum speed in a microcentrifuge for 5 minutes 
to remove any insoluble material from the hybridization mixture. 
•  The buffer solution was removed from the probe array cartridge and filled with appropriate 
volume (200 µL) of the clarified hybridization cocktail, avoiding any insoluble matter at the 
bottom of the tube. 
• The probe array was loaded in a balanced configuration into the Hybridization oven, set to 
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• The array was hybridized for 16hours. 
• During the latter part of the 16-hour hybridization, the reagents required immediately after 
completion of hybridization was prepared. 
Probe arrays: wash, Stain and Scan 
Reagent preparation  
Wash buffer A: Non-stringent wash buffer 
(6X SSPE, 0.01% Tween-20) 
For 1,000 mL: 
300 mL of 20X SSPE 
1.0 mL of 10% Tween-20 
699 mL of water 
The above reagents was mixed and filtered through a 0.2 µm filter 
Wash buffer B: stringent wash buffer 
(100 mM MES, 0.1M [Na+], 0.01% Tween-20) 
For 1,000 mL: 
83.3 mL of 12X MES Stock Buffer (see Section 2, Chapter 2 for reagent preparation) 
5.2 mL of 5M NaCl 
1.0 mL of 10% Tween-20 
910.5 mL of water 
The above reagents was mixed and filtered through a 0.2 µm filter and stored at 2°C to 8°C 
and shielded from light. 
2X stain buffer 
(Final 1X concentration: 100 mM MES, 1M [Na+], 0.05% Tween-20) 
For 250 mL: 
41.7 mL of 12X MES Stock Buffer (see Section 2, Chapter 2 for reagent preparation) 
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2.5 mL of 10% Tween-20 
113.3 mL of water 
The above reagents was mixed and filtered through a 0.2 µm filter and stored at 2°C to 8°C 
and shielded from light 
10 mg/mL Goat IgG Stock 
50 mg of Goat IgG was resuspended in 5 mL of 150 mM NaCl and stored at 4°C. 
Experiment and fluidics station setup 
Step 1: Defining file locations 
The microarray suite was launched and details like Probe Information (library files, mask 
files), Fluidics Protocols (fluidics station scripts), Experiment Data (.exp, .dat, .cel, and .chp 
files was all saved to location selected here) were entered. 
Step 2: Entering experiment information 
The experiement was registered in Microarray Suite by entering  
■ Experiment Name 
■ Probe Array Type 
Step 3: Preparing the fluidics station 
The Fluidics Station 400 or 450/250 was used to wash and stain the probe arrays. It was 
operated using GCOS/Microarray Suite. 
Setting Up and priming the fluidics station 
The fluidics station was set-up and priming was done using Prime_450 protocol. 
1. To prime the fluidics station, select Protocol in the Fluidics Station dialog box. 
Non-Stringent Wash Buffer A and Stringent Wash Buffer B was filled accordingly.  Priming 
was started. 
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After 16 hours of hybridization, the hybridization cocktail is removed from the probe array 
and the probe array completely filled with the appropriate volume (250 µL) of Non-Stringent 
Wash Buffer (Wash Buffer A).  
Preparing the staining reagents 
The following reagents are prepared for each probe array. 
SAPE stain solution 
The SAPE stain is prepared fresh, on the day of use. 
SAPE Solution Mix 
• 2X Stain Buffer                                                        600.0 µL  
• BSA                                                                            48.0 µL  
• 1 mg/mL Streptavidin Phycoerythrin (SAPE)           12.0 µL  
• DI H20                                                                     540.0 µL  
• Total Volume                                                         1200.0 µL 
The solution was mixed well and divided into two aliquots of 600 µL each to be used for 
stains 1 and 3. 
Antibody solution 
Antibody Solution Mix 
• 2X Stain Buffer                                                       300.0 µL  
• 50 mg/mL BSA                                                         24.0 µL  
• 10 mg/mL Goat IgG Stock                                          6.0 µL  
• 0.5 mg/mL biotinylated antibody                                3.6 µL  
• DI H20                                                                    266.4 µL  
• Total Volume                                                          600 µL 
Fluidics scripts and protocols 
Fluidics Scripts for 11 µm Feature Size Eukaryotic Arrays was EukGE-WS2v5 r 
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Post Hyb Wash #1  10 cycles of 2 mixes/ cycle with Wash Buffer A at 30°C 
Post Hyb Wash #2  6 cycles of 15 mixes/ cycle with Wash Buffer B at 50°C 
Stain       Stain the probe array for 5 minutes in SAPE solution at 35°C 
Post Stain                          Wash10 cycles of 4 mixes/ cycle with Wash Buffer A at 30°C 
2nd Stain                        Stain the probe array for 5 minutes in antibody solution at 35°C 
3rd Stain   Stain the probe array for 5 minutes in SAPE solution at 35°C 
Final Wash                        15 cycles of 4 mixes/ cycle with Wash Buffer A at 35°C.  
                                         The holding temperature was 25°C 
Washing and staining the probe array 
• Once the washing and stainging began the instructions in the LCD window on the fluidics 
station was followed. 
• The appropriate probe array was inserted into the designated module of the fluidics station 
while the cartridge lever was in the down, or ejected, position. The cartridge lever was 
returned to the up, or engaged, position. 
• Remove any microcentrifuge vial remaining in the sample holder of the fluidics station 
module(s) being used. 
• When prompted to “Load Vials 1-2-3,” place the three experiment sample vials (the 
microcentrifuge vials) into the sample holders 1, 2, and 3 on the fluidics station. 
• One vial containing 600 µL of Streptavidin Phycoerythrin (SAPE) solution was placed in 
sample holder 1. 
•  One vial containing 600 µL of anti-Streptavidin biotinylated antibody solution was placed in 
sample holder 2. 
• One vial containing 600 µL of Streptavidin Phycoerythrin (SAPE) solution was placed in 
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•  The needle lever was pressed to snap needles into position and to start the run. At the end 
of the run, or at the appropriate prompt, the microcentrifuge vials are removed and replaced 
with three empty microcentrifuge vials. 
• The probe arrays are removed from the fluidics station modules by first pressing down the 
cartridge lever to the eject position. The probe array window was checked for large bubbles 
or air pockets. If the probe array has no large bubbles, it was ready to scan on the 
GeneChip® Scanner 3000.  
 Probe array scan 
• The scanner was controlled by Affymetrix® Microarray Suite or GCOS. The probe array was 
scanned after the wash protocols are complete.  
Handling the GeneChip® probe array 
• The glass surface of the probe array was cleaned with tissue before scanning.  
Scanning the probe array 
• Before scanning the probe array cartridge, Tough-Spots™ were applied to each of the two 
septa on the probe array cartridge to prevent the leaking of fluids from the cartridge during 
scanning. 
• The cartridge was inserted into the scanner and scanned by giving a Run → Scanner 
command. The scanner begins scanning the probe array and acquiring data. When scan in 
progress was selected from the View menu, the probe array image appeared on the screen 
as the scan progressed. 
Shutting down the fluidics station 
After removing a probe array from the probe array holder, the fluidics station was shut down 
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Protocol 4: First –Strand cDNA synthesis (Reverse transcription) 
SuperscriptTM III First -Strand Synthesis System for RT-PCR. (Invitrogen)   
• Mix (vortex) and briefly centrifuge each component before use. 
•  Combine the following in a 0.2 or 0.5-ml tube: 
Component Amount 
Up to 5µg total RNA 8µl (app 1µg) 
Primer-50ng/µl random hexamers 1µl 
10mM dNTP mix 1µl 
DEPC-treated water to10µl 
• Incubate at 650C for 5min, then place on ice for at least 1min (5min) 
• Prepare the following cDNA Synthesis Mix, adding each component in the indicated order. 
Component 1Rxn  
• 10XRT Buffer 2 µl  
• 25mM MgCl2 4 µl  
• 0.1 M DTT 2 µl  
• RNaseOUTTM  (40U/µl) 1 µl  
• SuperScriptTM  III RT (200U/µl) 1 µl  
• Add 10 µl of cDNA Synthesis Mix to each RNA/ primer mixture, mix gently (vortex), and 
collect by brief centrifugation. Incubate as follows. 
• Random hexamer primed: 10min at 250C, followed  50min at 500C 
• Terminate the reactions at 850C for 5min. Chill on ice  
• Collect the reaction by brief centrifugation. Add 1 µl of RNase H to each tube and incubate 
for 20 min at 370C. 
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Protocol 5: Quantitative real time RT-PCR (Roche light cycler version 3.5)  
• Prepare the master mix as below 
  Component Rxn Vol  Final Conc 
• 2X QuantiTect SYBR 2 µl    1X 
 Green PCR Master Mix   
• Primer A      1 µl                         0.5 µM 
• Primer B      1 µl                         0.5 µM 
• RNase free water      1 µl                             - 
• Template DNA      2 µl                    App1µg/reaction 
 
• Mix the master mix thoroughly and dispense appropriate volume into PCR capillaries 
(ROCHE light Cycler Capillaries, Gemany).  
• Program the Light cycler according to the program outlined in (Table 13)Error! Reference 
source not found. 
• Place the PCR capillaries in the light cycle machine and start the cycling program.  
• After the final run data is acquired for further calculations (Graph 3,Graph 4)  
 
